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COMPOSITIONS AND METHODS FOR CONTROLLING 

BRCA1 -MEDIATED P5 3 -DEPENDENT AND 
-INDEPENDENT REGULATION OF TRANSCRIPTION 

This application claims priority to U.S. 
Provisional Application Serial No. 60/080,146, filed 
March 31, 1998, incorporated by reference herein. 
5 Pursuant to 35 U.S.C. §202 (c) , it is 

acknowledged that the U.S. Government has certain rights 
in the invention described herein, which was made in part 
with funds from the National Institutes of Health, Grant 
No. CA57601. 

10 

FIELD OF THE INVENTION 

This invention relates to regulation of cell 
proliferation. In particular, this invention provides 
plasmids, cell lines, kits and assay methods for 
15 identifying compounds that affect p53 -dependent and p53- 
independent regulation of transcription by BRCA1, as well 
as diagnostic and therapeutic methods relating thereto. 

BACKGROUND OF THE INVENTION 

20 Various scientific and scholarly articles are 

referred to in parentheses throughout the specification. 
These articles are incorporated by reference to describe 
the state of the art to which this invention pertains. 
Breast cancer is one of the most common 

25 malignancies affecting women. About 5-10% of all cases 
are estimated to be familial. Susceptibility To 
early-onset breast and ovarian cancer is conferred by 
mutations in a gene on chromosome 17q21. This gene 
termed BRCA1, has been identified by positional cloning 

30 (Miki et al . , 1994, Science 266:66-71). Mutations in the 
BRCA1 gene account for about 50% of inherited breast 
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cancer cases and 80% of families predisposed to both 
breast and ovarian cancer. 

Much effort has been recently directed at 
understanding the biochemical function of BRCA1 . The 
5 human BRCA1 gene encodes an 1863 amino acid nuclear 
protein that is expressed in a wide variety of adult 
human tissues (Marquis et al . , 1995, Nat. Genet. 11:17- 
26) . Evidence implicates a role for BRCA1 in the control 
of gene expression. BRCA1 contains a nuclear 

10 localization signal (Thakur et al . , 1997, Mol . Cell. 
Biol. 17:444-452), a C-terminal domain that 
transactivates gene expression when fused to a 
heterologous DNA binding domain (Chapman and Verma, 1996, 
Nature 382:678-679; Monteiro et al . , 1996, PNAS 93:13595- 

15 13599) and BRCA1 has been found as a component of RNA 

polymerase II (Scully et al . , 1997, PNAS 94:5606-5610). 

Several lines of evidence suggest that BRCA1 
protein may play an important role as a suppressor of 
cell proliferation. Antisense oligonucleotides to BRCA1 

20 mRNA accelerated the growth of normal and malignant 

mammary epithelial cells (Thompson et al . , 1996, Nat. 
Genet. 9:444-450). Similarly, NIH 3T3 cells with a 
stable expression of antisense BRCA1 mRNA showed 
accelerated growth rate, anchorage independent growth, 

25 and tumorogenicity in nude mice unlike the parental cell 
line and stable cell lines expressing sense BRCA1 mRNA 
(Rao et al., 1996, Oncogene 12:523-537). In addition, 
transfection of the wild-type BRCA1 gene inhibited the 
growth of breast and ovarian cancer cell lines (Holt et 

30 al., 1996, Nat. Genet. 12:298-302). Retroviral 

introduction of wild- type BRCA1 gene into the already 
established MCF7 human breast tumors inhibited the growth 
of the tumors significantly and also increased the 
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survival of mice (Holt et al., 1996, supra). Another 
evidence that BRCA1 may have an antiproliferative 
function is that human breast cancers involving mutations 
in BRCA1 feature increased proliferation, aneuploidy, 
5 high S-phase fraction and high mitotic grade (Marcus et 
al., 1997, Cancer 80:543-556). 

Evidence also suggests that BRCA1 may activate 
cell proliferation. The protein p21 is a universal cell- 
cycle inhibitor that specifically binds cyclin-CDK 

10 complexes and proliferating cell nuclear antigen, thereby 
serving as a potent inhibitor and effector of cell-cycle 
checkpoints (Sherr and Roberts, 1995, Genes Dev. 9:1149- 
1163) . Cells from BRCAl-null mouse embryos have 
increased levels of p21 mRNA, which suggests that BRCA1 

15 may suppress p21 expression during development to allow 
cell growth (Hakem et al., 1996, Cell 85:1009-1023). 

A number of observations have also linked BRCA1 
to DNA damage response pathways (Brugarolas and Jacks, 
1997, Nature Med. 7:721-722). BRCA1 normally co- 

20 localizes with Rad5l, the human homolog of the 

Escherichia coli RecA protein, at nuclear dot structures 
that may be sites of checkpoint processing in S-phase 
cells (Scully et al . , 1997, Cell 88:265-275; Tashiro et 
al., 1996, Oncogene 12:2165-2170). Following exposure to 

25 DNA damaging agents, BRCA1 becomes hyperphosphorylated 
and disperses from dot structures and then dynamically 
accumulates at PCNA- containing replication structures, 
suggesting a role in the checkpoint response (Scully et 
al., 1997, Cell 90:425-435). 

3 0 It is not known how BRCA1 affects gene 

transcription in normal cells and how mutations in BRCA1 
cause cells to become cancerous. Lack of this 
information hinders the development of methods of 
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treatment of mutant BRCA1- induced tumors. In particular, 
it is very desirable to have a model system of BRCA1 
activation of gene transcription so that alternate ways 
of activating the tumor- suppressing genes can be devised 
5 for tumor cells. 



SUMMARY OF THE INVENTION 

In accordance with it the present invention, 
two ways in which BRCA1 inhibits cell proliferation have 

10 been discovered. First, BRCA1 inhibits S-phase cell 

cycle progression by transactivating expression of the 
CDK- inhibitor p 2i WAF1/cipl in a p53- independent manner. 
Second, BRCA1 interacts with p53 in vitro and in vivo, 
and increases p53 -dependent transcription from the p21 

15 and bax promoters. These pathways of BRCA1 action 

provide novel targets to which pharmaceutical agents 
capable of affecting cell proliferation and apoptosis can 
be isolated, and can then be used in the treatment and 
control of cellular proliferation disorders. 

20 One aspect of the present invention is drawn to 

compositions and methods for use in assay systems to 
identify such novel pharmaceutical agents. One method 
uses an in vitro or cell -based system that measures the 
ability of a test compound to enhance or interfere with 

25 the association between BRCA1 and p53 . This method 
comprises allowing BRCA1 and p53 to associate in the 
presence or absence of the test agent, separating the 
BRCAl/p53 complexes, and determining the amount of 
complex formed in the presence, as compared to the 

30 absence, of the test compound. 

Another method determines the effect of the 
pharmacological agent on p53 -dependent and -independent 
BRCA1 -mediated gene transcription. This method comprises 
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the culturing of various cell lines containing reporter 
gene(s) driven by the p21 or bax promoters with and 
without the agent and assaying the activity of the 
reporter genes. Using appropriate cell types, 
5 e.g. ,BRCA1-/BRCA1- and WT cell lines, this method can be 
used to determine the ability of a pharmacological agent 
to coactivate p53 in a manner similar to BRCA1 
coactivation of p53 . 

A variation of the above -described method 

10 determines the effect of a pharmacological agent on p53- 
dependent and p53- independent BRCA1 activated apoptosis 
or cell cycle arrest. In a preferred embodiment, this 
method comprises the culturing of p53 + /p53 + and p53~/p53~ 
cell lines with and without the agent and assaying for 

15 apoptosis or cell cycle arrest, using standard methods. 

According to another aspect of the present 
invention, isolated nucleic acids and/or polypeptides are 
provided, corresponding to (1) the BRCAl/p53 protein 
binding domains; and (2) the p21 transcriptional 

20 regulatory region required for BRCA1 -mediated, p53- 

independent transact ivat ion, which have been identified 
in accordance with the present invention. In a preferred 
embodiment, the nucleic acid molecule encodes, or the 
polypeptide comprises, residues 224-500 of the BRCA1 

25 protein. In another preferred embodiment, the nucleic 
acid molecule encodes, or the polypeptide comprises, 
residues 300-395 of the p53 polypeptide. In another 
preferred embodiment, the portion of the p21 promoter 
comprising the transcription start site and 5 1 sequence 

30 to -143, specifically the region 93 to 143 nucleotides 
upstream of the transcription start site, is provided. 

The aforementioned isolated nucleic acids or 
peptides are useful for some of the assays described 
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above, as well as for diagnostic assays to determine the 
predisposition of an individual to developing certain 
tumors, based on the presence or absence of functional 
mutations that disrupt BRCA1 -mediated control of cell 
5 proliferation through p21, bax or other downstream 
targets, either dependent on or independent of p53 . 

According to other aspects of the invention, 
methods are provided to control cell proliferation, by 
up-regulating or down- regulating p53 dependent or 

10 independent BRCA1 -mediated transcriptional activation of 
p21 or other downstream targets involved in apoptosis or 
cell cycle arrest. Up-regulation of these pathways 
should result in suppression of cell proliferation either 
by inducing cell cycle arrest or apoptosis, thereby 

15 providing a useful cancer therapy. Down -regulation of 
these pathways should result in increased cell 
proliferation, which may be useful in cell culture for 
expansion of recalcitrant cell lines, or which may be 
useful as a research tool . 

20 In another aspect of the present invention, 

kits are provided for practicing the assays and 
diagnostic methods set forth above. These kits contain 
one or more plasmids, cell lines, antibodies, reagents 
and the like, along with instructions for performing the 

25 assays or diagnostic methods. 

Other features and advantages of the present 
invention will be better understood by reference to the 
- drawings, detailed description and examples that follow. 

3 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. BRCA1 transfection inhibits DNA 
synthesis in human cancer cells. SW480 cells were 
cotransfected with pCR3 , pCR3-BRCAl, pCEP4, or pCEP4-p53. 
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The percent BrdU ( + ) /GFP (+) cells shown was determined by 
analyzing at least 75 GFP(+) cells for each transfection 
in three fields, for each of two independent experiments. 

Figure 2. BRCA1 transact ivates the human and 
5 mouse p21 -promoter and upregulates endogenous p21 protein 
expression. Fig. 2A. SW480 or HCT116 cells were 
cotransfected with pWWP-Luc and either pCR3 or pCR3-BRCAl 
and luciferase activity was measured 24 hrs later as 
described in Example 1. Fig. 2B. CV1 cells were 

10 cotransfected pCATl and pCR3 or pCR3-BRCAl and CAT 

activity was measured after 48 hrs later as described in 
Example 1. Fig. 2C. Structure of the human p21 -promoter 
luciferase reporter and several 5' -deletions are shown 
schematically (left) . The 5 f end of each deletion is as 

15 indicated while the 3 1 boundary is 16 bp downstream of 
the p21 transcription initiation site (El-Deiry et al . , 
1993, Cell 75:817-825), fused to the luciferase reporter 
gene (El-Deiry et al . , 1995, Cancer Res. 55:2910-2919). 
SI and S2 indicate the relative locations of the two p53 

20 DNA-binding sites within the 2.3 kb regulatory region 
upstream of the WAF1/CIP1 gene (El-Deiry et al . , 1995, 
supra). pWWP-Luc or the 5 1 -deletion mutants were 
cotransfected with pCR3 or pCR3-BRCAl into SW480 cells 
and luciferase activity was assayed as in Fig. 2A. 

25 Figure 3. BRCA1 mutants are defective for 

activation of p21. Fig. 3A. Structure of BRCA1 and 
various mutants used is shown schematically (left) . 
Synthetic mutants lacking the functional nuclear 
localization signal (ANLS) (El-Deiry et al . , 1995, 

30 supra) , a ANLS mutant with a C- terminal fused NLS 

(ANLS/C+NLS) , mutants lacking the RAD51- interacting 
domain (A515-1091) , the C-terminal transact ivation domain 
(A1314-1863) or both (A500-1863) are shown. The 
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corresponding extent of p21 induction (data from Figs. 
3B and 3C) is shown (right; »++» = greater than 5-fold 
induction; a single arrow = 1.5- to 2-fold reduction in 
p21 activation; double arrow = substantial decrease in 
5 p21 activation, corresponding to less than 1.5-fold 
induction). Fig. 3B, COS-7; or Fig. 3C, SW480 cells 
were co-transf ected with pWWP-Luc and pCR3 or either WT 
or mutant BRCA1 expression plasmids as indicated and 
lucif erase activity was determined as in Fig. 2. 

10 Figure 4. BRCA1 fails to inhibit DNA synthesis 

in p21" /_ human cancer cells. The percent BrdU ( + ) / GFP ( + ) 
cells was determined following transfection of p21* /+ 
(lanes 1,2) or p21" 7 " (lanes 3,4) HCT116 cells with pCR3 
(lanes 1,3) or BRCA1 (lanes 2,4) as described in Fig.l. 

15 Figure 5. BRCA1 stimulates p53-dependent 

transcription. Fig. 5A, SW480; Fig. 5B, MEF p53' / ' ; or 
Fig. 5C, HCT116 cells were cotransf ected with different 
combinations (as indicated by a A+") of BRCA1 or its 
vector, pCR3 (3.5 /xg) and p53 or its vector, pCEP4 (2 jxg) 

20 and PG13-LUC reporter (1 /xg) . Fig. 5D. MCF7 cells were 
transf ected by either BRCA1 or its vector, pCR3 (16 /xg) 
and PG13-LUC reporter (4 /xg) . Fig. 5E. SW480 cells were 
transf ected with the PG13-LUC reporter (0.5 /xg) and 
increasing concentrations of BRCA1 or its vector, pCR3 

25 (1, 2, and 3.5 /xg, respectively) either in the presence 
or absence of p53 (0.1 /xg) . Fig. 5F and Fig. 5G. SW480 
cells were cotransf ected with different combinations (as 
indicated "+ ") of BRCA1 or its vector, pCR3 (3.5 /xg) and 
p53 or its vector, pCEP4 (2 /xg) along with 1 /xg of either 

30 the p21-promoter WWP-LUC reporter (Fig. 5F) or the 

jbax-promoter pbax-LUC reporter (Fig. 5G) . Cells were 
harvested after 24 hrs of transfection and luciferase 
activity was measured as described in Example 2 . 
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Figure 6. Schematic diagram identifying the 
p53 -binding region of human BRCA1 . The structure of 
BRCA1 protein is shown, including the nuclear 
localization signal (NLS) , the transactivation domain 
5 (TA) , the RING-finger domain (RING), the 

Rad51- interacting domain (Rad51) and the p53 binding 
domain (p53 binding) . Mutants of BRCA1 tested for 
interaction with p53 are shown along with their ability 
to interact with p53 protein in vitro ("+" indicates 

10 interaction while indicates no interaction) . 

Figure 7. Schematic diagram of human p53 
identifying the BRCA1- interacting domain. The structure 
of the p53 protein is shown including the transactivation 
domain (TA) , the DNA-binding domain, the tetramerization 

15 domain (TD) and the BRCA1 -binding domain (bracket) . 
Truncation mutants of p53 are shown along with their 
ability to interact with BRCA1 in vitro (right; 11 + " 
indicates interaction while "-" indicates no 
interaction) . 

20 Figure 8. Transactivation-def icient BRCA1 

mutants are defective in stimulation of p53-dependent 
transcription. Fig. 8A. SW480 cells were cotransf ected 
with the PG13-LUC reporter (1 fig) , p53 (2 /zg) and either 
wt BRCA1 or its mutant derivatives (3.5 fig) as indicated 

25 »+" . Fig. 8B. SW480 cells were transfected with the 

-143 -LUC p21 reporter (1 fig) and different combinations 
(as indicated " + ") of BRCA1 or its vector, pCR3 (2 fig) 
and p53 or its vector, pCEP4 (2 fig) along with 1 fig of 
-143 -LUC p21 reporter. Fig. 8C and Fig. 8D. Inhibitory 

30 negative effect of BRCA1 deletion mutant on p53 

transcription activity. Fig. 8C. SW480 cells were 
transfected with 0.5 fig of the PG13-LUC reporter and 
different combinations (as indicated "+") of pCEP4 or p53 
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(0.25 /zg) and increasing amounts (lane 3, 2 /zg; lane 4, 
4 /zg; and lane 5, 8 jug) of BRCA1 A500-1863. The total 
amount of DNA was maintained constant at 8.75 /zg by 
adding pCR3 DNA. Fig. 8D, SW480 cells were transfected 
5 with 0.5 /zg of the PG13-LUC reporter and different 
combinations (as indicated "+" ) of pCEP4 or p53 
(0.25 /zg) , BRCA1 A500-1863 (2 /zg) and increasing amounts 
(lane 4, 4 /zg; lane 5, 6 /zg) of wt BRCA1. The total 
amount of DNA was kept constant at 8.75 /zg by adding pCR3 
10 DNA. Cells were harvested 24 hrs later and luciferase 
activity was measured as described in Example 2. 



DETAILED DESCRIPTION OF THE INVENTION 
I . Definitions 

15 Various terms relating to the biological 

molecules of the present invention are used hereinabove 
and also throughout the specifications and claims. 

With reference to nucleic acid molecules, the 
term "isolated nucleic acid" is sometimes used. This 

20 term, when applied to DNA, refers to a DNA molecule that 
is separated from sequences with which it is immediately 
contiguous (in the 5' and 3' directions) in the naturally 
occurring genome of the organism from which it was 
derived. For example, the "isolated nucleic acid" may 

25 comprise a DNA molecule inserted into a vector, such as a 
plasmid or virus vector, or integrated into the genomic 
DNA of a procaryote or eucaryote. An "isolated nucleic 
acid molecule" may also comprise a cDNA molecule. 

With respect to RNA molecules, the term 

30 "isolated nucleic acid" primarily refers to an RNA 

molecule encoded by an isolated DNA molecule as defined 
above. Alternatively, the term may refer to an RNA 
molecule that has been sufficiently separated from RNA 
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molecules with which it would be associated in its 
natural state (i.e., in cells or tissues), such that it 
exists in a "substantially pure" form (the term 
"substantially pure" is defined below) . 
5 With respect to proteins or peptides, the term 

"isolated protein (or peptide)" or "isolated and purified 
protein (or peptide) " is sometimes used herein. This 
term refers primarily to a protein produced by expression 
of an isolated nucleic acid molecule of the invention. 

10 Alternatively, this term may refer to a protein which has 
been sufficiently separated from other proteins with 
which it would naturally be associated, so as to exist in 
"substantially pure" form. 

The term "substantially pure" refers to a 

15 preparation comprising at least 50-60% by weight the 
compound of interest (e.g., nucleic acid, 
oligonucleotide, protein, etc.). More preferably, the 
preparation comprises at least 75% by weight, and most 
preferably 90-99% by weight, the compound of interest. 

2 0 Purity is measured by methods appropriate for the 

compound of interest (e.g. chromatographic methods, 
agarose or polyacryl amide gel electrophoresis, HPLC 
analysis, and the like) . 

Nucleic acid sequences and amino acid sequences 

25 can be compared using computer programs that align the 
similar sequences of the nucleic or amino acids thus 
define the differences. For purposes of this invention, 
the GCG Wisconsin Package version 9.1, available from the 
Genetics Computer Group in Madison, Wisconsin, and the 

30 default parameters used (gap creation penalty=12, gap 

extension penal ty=4) by that program are the parameters 
intended to be used herein to compare sequence identity 
and similarity. 
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The term "substantially the same" refers to 
nucleic acid or amino acid sequences having sequence 
variation that do not materially affect the nature of the 
protein (i.e. the structure, thermostability 
5 characteristics and/or biological activity of the 

protein) . With particular reference to nucleic acid 
sequences, the term "substantially the same" is intended 
to refer to the coding region and to conserved sequences 
governing expression, and refers primarily to degenerate 
10 codons encoding the same amino acid, or alternate codons 
encoding conservative substitute amino acids in the 
encoded polypeptide. With reference to amino acid 
sequences, the term "substantially the same" refers 
generally to conservative substitutions and/or variations 
15 in regions of the polypeptide not involved in 
determination of structure or function. 

The terms "percent identical" and "percent 
similar" are also used herein in comparisons among amino 
acid and nucleic acid sequences. When referring to amino 
20 acid sequences, "percent identical" refers to the percent 
of the amino acids of the subject amino acid sequence 
that have been matched to identical amino acids in the 
compared amino acid sequence by a sequence analysis 
program. "Percent similar" refers to the percent of the 
25 amino acids of the subject amino acid sequence that have 
been matched to identical or conserved amino acids. 
Conserved amino acids are those which differ in structure 
but are similar in physical properties such that the 
exchange of one for another would not appreciably change 
3 0 the tertiary structure of the resulting protein. 

Conservative substitutions are defined in Taylor (1986, 
J. Theor. Biol. 119:205). When referring to nucleic acid 
molecules, "percent identical" refers to the percent of 
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the nucleotides of the subject nucleic acid sequence that 
have been matched to identical nucleotides by a sequence 
analysis program. 

With respect to antibodies, the term 
5 "immunologically specific" refers to antibodies that bind 
to one or more epitopes of a protein of interest, but 
which do not substantially recognize and bind other 
molecules in a sample containing a mixed population of 
antigenic biological molecules. 

10 With respect to oligonucleotides or other 

single-stranded nucleic acid molecules, the term 
"specifically hybridizing" refers to the association 
between two single-stranded nucleic acid molecules of 
sufficiently complementary sequence to permit such 

15 hybridization under pre -determined conditions generally 
used in the art (sometimes termed "substantially 
complementary") . In particular, the term refers to 
hybridization of an oligonucleotide with a substantially 
complementary sequence contained within a single- stranded 

20 DNA or RNA molecule, to the substantial exclusion of 

hybridization of the oligonucleotide with single- stranded 
nucleic acids of non- complementary sequence. 

The term "promoter region" refers to the 
transcriptional regulatory regions of a gene, which may 

25 be found at the 5' or 3 1 side of the coding region, or 
within the coding region, or within introns. 

The term "selectable marker gene" refers to a 
gene encoding a product that, when expressed, confers a 
selectable phenotype such as antibiotic resistance on a 

30 transformed cell. 

The term "reporter gene" refers to a gene that 
encodes a product which is easily detectable by standard 
methods, either directly or indirectly. 
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The term "operably linked" means that the 
regulatory sequences necessary for expression of a 
particular coding sequence are placed in the DNA molecule 
in the appropriate positions relative to the coding 
5 sequence so as to enable expression of the coding 

sequence. This same definition is sometimes applied to 
the arrangement of transcription units and other 
regulatory elements (e.g., enhancers or translation 
regulatory sequences) in an expression vector. 

10 

II • Description 

A significant proportion of hereditary breast 
and ovarian cancer predisposition has been attributed to 
inherited defects in the BRCA1 tumor suppressor gene. 

15 BRCA1 is a nuclear protein with properties of a 
transcription factor, and can interact with the 
recombination and repair protein RAD51. Young women with 
germline alterations in BRCA1 develop breast cancer at 
rates 100 -fold higher than the general population and 

20 BRCAl-null mice die before day 8 of development, but the 
mechanisms of BRCA1 -mediated growth regulation and tumor 
suppression heretofore has remained unknown. 

In accordance with the present invention, it 
has now been shown that BRCA1 transactivates expression 

25 of the CDK- inhibitor p 2i WAF1 / cipl in a p53- independent manner 
and that BRCA1 inhibits S-phase cell cycle progression 
following its transfection into human cancer cells. 
BRCA1 does not inhibit S-phase progression in p21-/- as 
compared to p21+/+ cells and tumor-associated 

30 transactivation-def icient mutants of BRCA1 are defective 
in both transact ivation of p21 and cell cycle inhibition. 
Thus, one mechanism by which BRCA1 contributes to cell 
cycle arrest and growth suppression is through p53- 
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independent induction of p21. 

Deletion mapping of the human p21 promoter 
identified a control region of 50 base pairs within the 
proximal promoter, -143 to -93 of the human p21, that 
5 mediates activation of p21 by BRCA1 (Fig. 2C) . Deletion 
mapping further revealed that the two previously 
described p53 binding sites were not required for BRCA1 
transactivation of p21. 

The inventors have also discovered that BRCA1 

10 increases p53 -dependent transcription from the p21 and 
bax promoters and that BRCA1 and p53 proteins interact 
both in vitro and in vivo. The interacting regions map, 
in vitro, to amino acid residues 224-500 of human BRCA1 
(SEQ ID NO:l) and the C-terminal domain of p53 (residues 

15 300-393 of SEQ ID N0:2) . Tumor-derived transactivation 

deficient BRCA1 mutants are defective in co-activation of 
p53 -dependent transcription and a truncation mutant of 
BRCA1 that retains the p53 -interacting region acts as a 
dominant inhibitor of p53 -dependent transcription. BRCA1 

20 and p53 cooperatively induce apoptosis of cancer cells . 
These results indicate that BRCA1 and p53 coordinately 
regulate gene expression in their role as tumor 
suppressors . 

The discoveries made in accordance with the 

25 present invention can be utilized for a variety of 

purposes, including but not limited to (1) assay systems 
to identify pharmacological agents capable of suppressing 
or enhancing cell proliferation by affecting the p53- 
dependent or -independent BRCA1 -mediated transcription 

3 0 pathways described above; (2) diagnostic methods for 
assessing functional mutations in BRCA1 and /or p53 
relating to their ability to associate with each other or 
with p21 regulatory regions or regulatory regions of 
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other downstream targets involved in cell cycle arrest or 
apoptosis; and (3) methods for controlling cell 
proliferation by regulating either cell cycle progression 
or apoptosis via p53 -dependent or -independent BRCA1- 
5 mediated transcription pathways, particularly via p21. 

The following description sets forth the 
general procedures involved in practicing the present 
invention. To the extent that specific materials are 
mentioned, it is merely for purposes of illustration and 

10 is not intended to limit the invention. Unless otherwise 
specified, general cloning procedures, such as those set 
forth in Sambrook et al . , Molecular Cloning , Cold Spring 
Harbor Laboratory (1989) (hereinafter "Sambrook et al . " ) 
or Ausubel et al . (eds) Current Protocols in Molecular 

15 Biology , John Wiley & Sons (1999) (hereinafter "Ausubel 
et al.") are used. 



Ill • Biological Molecules and Cells 

In addition to cells and biological molecules 
20 used for general cloning and expression, the following 
biological molecules and cell types are either required 
or useful for practice of the methods of the present 
invention: (1) cloning or expression vectors comprising 
nucleic acids encoding BRCA1 and p53, or specific 
25 portions thereof; (2) reporter genes operably linked to 
promoters responsive to p53 and/or BRCA1 ; (3) isolated 
BRCA1 or p53 protein, or selected portions thereof; (4) 
antibodies immunologically specific for BRCA1, p53 or 
selected portions thereof; and (5) various cell lines, 
30 including lines deficient in functional p53, BRCA1 (or 
both) , or deficient in downstream targets of p53 or 
BRCA1, and further engineered with specified reporter 
genes . 
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Any nucleic acid molecule that encodes BRCA1 or 
p53 is contemplated for use in the present invention. 
Likewise, any BRCA1 or p53 protein is considered suitable 
for use in the present invention. Human BRCA1 and p53 
5 are exemplified herein (e.g., SEQ ID NO:l and SEQ ID 
NO: 2) . Another preferred source of BRCA1 and p53 
proteins and nucleic acids is the mouse. Any other BRCA1 
and p53 nucleic acids also may be used. These genes and 
proteins have been extensively characterized, and 

10 sequence information is widely available, e.g., through 
GenBank and the published and patent literature. For 
instance, U.S. Patent No. 5,654,155 discloses a consensus 
DNA sequence for the HRCA1 gene. U.S. Patent 5,750,400 
discloses three BRCA1 coding sequences; the following 

15 Genbank Accession Numbers contain BRCA1 protein 

sequences: 1147603, 1418288, 3994048, 3994047, 3994046, 
3209867, 2489823, 1698399, 728984, 627392, 1620568. 

Included in the present invention is a nucleic 
acid molecule comprising the region of the proximal 

20 promoter of the p21 gene responsible for p53- independent 
BRCA1 transactivation of p21. Although the BRCA1 - 
responsive element from Homo sapiens is described and 
exemplified herein (-143 to -93 from the transcription 
start site noted in SEQ ID NO: 3), this invention is 

25 intended to encompass the BRCA1 response element of the 
p21 promoter from other mammals that are sufficiently 
similar to be used instead of the Homo sapiens nucleic 
acid sequence for BRCA1 -mediated transactivation. These 
include, but are not limited to, allelic variants and 

30 natural mutants in the relevant region of SEQ ID NO: 3 

(bases 4441-4491) , as well as homologs found in different 
species of mammals. Because such variants are expected 
to possess certain differences in nucleotide sequence, 
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this invention provides an isolated nucleic acid molecule 
having at least 60% (preferably 70% and more preferably 
over 80%) sequence homology to the nucleotide sequence 
set forth as residue -143 extending to the transcription 
5 start site noted in SEQ ID NO: 3 over the length of those 
residues (residues -143 to -93 comprise the specific 
element conferring transactivation by BRCA1; however, the 
intervening 5' promoter region comprises regulatory 
elements needed for transcription (for instance, the TATA 

10 box) . Because of the natural sequence variation likely 

to exist among BRCA1 transact ivated genes, one skilled in 
the art would expect to find up to about 30-40% 
nucleotide sequence variation, while still maintaining 
the unique properties of the BRCA1 response element of 

15 the human p21 promoter. 

Peptides comprising the regions of BRCA1 and 
p53 constituting the protein-protein binding site, and 
nucleic acids encoding those peptides, are included in 
the present invention. As binding sites do not require 

20 absolute conservation of sequence and a some substitution 
of amino acids of similar chemical characteristics is 
allowed, the invention is contemplated to include 
peptides comprising sequences similar residues 224 to 500 
of SEQ ID N0:1 or residues 300-393 of SEQ ID NO:2. In a 

25 preferred embodiment, peptides are 80% similar to 

residues 224-500 of SEQ ID NO:l or residues 300 to 393 of 
SEQ ID NO: 2 over the length of aa residues 224 to 500 of 
SEQ ID NO:l or residues 300-393 of SEQ ID NO: 2; (more 
preferably peptides are 90% similar, and most preferably 

30 peptides are 95% similar) . 

The use of the p53 -binding sites to confer or 
remove p53 activation and/or p53/BCRAl coactivation upon 
promoters is considered to be part of the invention. The 
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removal of the p53 binding sites from p53- regulated 
promoters both in vitro and in vivo will allow these 
promoters to be used in constructs without p53 regulation 
as well as to create cell lines with altered p53 
5 regulation. Promoters without p53 regulation may be 

changed to p53 regulation through the inclusion of p53- 
binding sites. It is further contemplated that 
variations of the p53 -binding site sequence may be used 
for this invention. 

10 The use of BCRA1 sequence without the 

transactivation domain but with the p53 binding domain on 
BRCA1 to lessen p53 regulation cell proliferation is 
considered part of the invention. In a preferred 
embodiment, the region of BCRA1 with the p53 -binding 

15 domain and without the transactivation domain is used. 

In accordance with this aspect of the invention it is now 
known that the BRCAl/p53 interaction will be hindered by 
the addition of partially functional binding domains, so 
it is highly likely that the BRCA1 binding domain on p53 

20 will likewise repress the BRCAl/p53 coactivation of 

genes. In another preferred embodiment, the region of 
p53 with the BRCA1 binding domain (residues 300 to 3 93 of 
SEQ ID NO: 2) without the DNA-binding domain is used. In 
a more preferred embodiment, the p53 binding domain on 

25 BRCA1 (residues 224 to 500 of SEQ ID NO:l) or the BRCA1 
binding domain on p53 (residues 3 00-393 of SEQ ID NO:2) 
is used. In a most preferred embodiment, the truncated 
BCRA1, BRCA1 A500-1863 (residues 1 to 499 of SEQ ID 
NO:l), is used. It is contemplated that proteins 

30 significantly similar to these proteins can also be used 
in this invention. In a preferred embodiment, proteins 
60% similar to residues 1-499 of SEQ ID NO:l are used, in 
a more preferred embodiment proteins 70% similar to 
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residues 1-499 of SEQ ID NO:l are used, and in a most 
preferred embodiment, proteins 80% similar to residues 1- 
4 99 of SEQ ID NO:l are used. 

Nucleic acid molecules used in the invention 
5 may be prepared by two general methods: (1) they may be 
synthesized from appropriate nucleotide triphosphates, or 
(2) they may be isolated from biological sources. Both 
methods utilize protocols well known in the art. In 
addition, some of the nucleic acid molecules may be 

10 commercially available. 

Proteins used in the present invention may be 
prepared in a variety of ways, according to known 
methods. The protein may be purified from appropriate 
sources, e.g., human or animal cultured cells or tissues, 

15 by immunoaf f inity purification. However, this is not a 
preferred method due to the low amount of protein likely 
to be present in a given cell type at any time. 

The availability of nucleic acids molecules 
encoding BRCA1, p53 and portions thereof enables 

20 production of the protein using in vitro expression 

methods known in the art. For example, a cDNA or gene 
may be cloned into an appropriate in vitro transcription 
vector, such a pSP64 or pSP65 for in vitro transcription, 
followed by cell-free translation in a suitable cell-free 

25 translation system, such as wheat germ or rabbit 

reticulocytes. In vitro transcription and translation 
systems are commercially available, e.g., from Promega 
Biotech, Madison, Wisconsin or BRL, Rockville, Maryland. 
Alternatively, according to a preferred 

30 embodiment, larger quantities of protein may be produced 
by expression in a suitable procaryotic or eucaryotic 
system. For example, part or all of a DNA molecule may 
be inserted into a plasmid vector adapted for expression 
in a bacterial cell, such as E. coli, or into a 

35 baculovirus vector for expression in an insect cell. 
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Such vectors provide the regulatory elements necessary 
for expression of the DNA in the given host cell, 
positioned in such a manner as to permit expression of 
the DNA in the host cell. Such regulatory elements 
5 required for expression include promoter sequences, 
transcription initiation sequences and, optionally, 
enhancer sequences. 

Proteins produced by gene expression in a 
recombinant procaryotic or eucyarotic system may be 

10 purified according to methods known in the art. In a 
preferred embodiment, a commercially available 
expression/secretion system can be used, whereby the 
recombinant protein is expressed and thereafter secreted 
from the host cell, to be easily purified from the 

15 surrounding medium. If expression/secretion vectors are 
not used, an alternative approach involves purifying the 
recombinant protein by affinity separation, such as by 
immunological interaction with antibodies that bind 
specifically to the recombinant protein. Such methods 

20 are commonly used by skilled practitioners. 

Some aspects of the present invention also 
utilize antibodies which bind immunospecif ically to BRCA1 
or P53 epitopes or proteins. Such antibodies may be 
prepared according to standard methods, if they are not 

25 commercially available. In a preferred embodiment, 
monoclonal antibodies are prepared, which react 
immunospecif ically with various epitopes of BRCA1 or p53 . 
Monoclonal antibodies may be prepared according to 
general methods of Kohler and Milstein, following 

30 standard protocols. Polyclonal or monoclonal antibodies 
that immunospecif ically interact with BRCA1 or p53 can be 
utilized for purifying the proteins, according to 
standard methods. They also may be used in the 
diagnostic and therapeutic methods described below. 

35 Vectors that express the BRCA1 and p53 
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proteins, protein fragments, mutants, etc. are used in a 
variety of assays of the invention, as described below. 
For instance, the examples teach the transfection of 
cells with pCEP4-p53 and pCR3-BRCAl expression vectors. 
5 Any vector that expresses the desired coding sequence in 
adequate amounts in the cell line of choice is 
acceptable. If non-Homo sapiens cell lines are used, 
different expression vectors may be required to achieve 
adequate expression of the protein, as is well known in 

10 the art. Many different kinds of expression vectors are 
commercially available (e.g., from Invitrogen) . 

Reporter genes operably linked to BRCA1 - or 
p53 -responsive promoters are also used in certain of the 
assays described below. Examples of several such 

15 reporter plasmids specific to p53/BRCAl activation are 

taught in Examples 1 and 2. PG13-LUC, pJbax-LUC and pWWP- 
LUC are all reporter plasmids that express lucif erase. 
The use of the luciferase as a reporter molecule is well 
known in the art. The aforementioned reporter plasmids 

20 use three different promoters that are all coactivated by 
BRCAl/p53. The p21 promoter of the pWWP-LUC reporter 
plasmid alone exhibits p53 -dependent and p53- independent 
coactivation. The use of pWWP-LUC plasmid is therefore 
particularly suited to address how a test molecule may 

25 differentially affect these two aspects of BRCA1 

activation. Other reporter genes may be expressed, and 
many are commercially available. Reporter genes of 
interest include, but are not limited to, those encoding 
green fluorescent proteins (GFPs) , 3 -glucuronidase (GUS) 

30 and p-galactosidase, among others. 

A variety of cell types can be used to practice 
different aspects of the present invention. In the 
assays described below for screening potential 
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pharmacological agents, cell lines deficient in one or 
more of BRCA1, p53 or transact ivational targets of BRCA1 
and/or p53, are preferred. For instance, Example 2 
teaches that SW480 human colon adenocarcinoma cells and 
5 mouse embryo fibroblast cells may be used. In general, 
tumor cells will provide the best source of regulation- 
deficient lines for use in the present invention. 
However, as discussed below, normal cells may also be 
used. For instance, to expand a normal cell line, the 

10 BRCA1 -mediated transact ivation of tumor suppressor genes 
would be down-regulated in order to stimulate 
proliferation of the cells. 

Cells lines additionally do not need to be from 
humans or mice, but may be from other mammalian sources, 

15 such as rats, pigs, dogs, cows and primates, to name a 
few. Other useful cell lines and systems for these 
assays include, but are not limited to, cell lines 
derived from Drosophila melanogaster or Caenorhabditis 
elegans. 

20 

IV. Methods and Kits 

Provided in accordance with the present 
invention are assay systems that can be used to discover 
and develop pharmacological agents capable of affecting 

25 the regulation of BRCA1 -activated gene transcription, and 
their use in the treatment and control of cell 
proliferative disorders. The assay systems can be used 
in their entirety in cells, or partially in vitro. 

One class of assays of the invention are assays 

30 for molecules that participate in the BRCAl/p53 cell 

proliferation regulation pathway. These assays use the 
BRCAl/p53 interaction as a basis for determining the 
degree of specific physical interaction that a test 
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molecule has with p53 and/or BRCA1, and the effect of the 
test molecule will have on the cell cycle progression. 
These assays may be performed in vitro and in vivo. 

One assay of this type is an in vitro assay 
5 that determines the effect of test molecules on the 

protein-protein interaction between p53 and BRCA1 . While 
this assay has many embodiments, the basic assay consists 
of three steps: 

1. Incubating BRCA1 and p53 in the presence or 
10 absence of the test molecule; 

2. Separating complexes comprising p53 and 
BRCA1 from the unbound molecules; and 

3. Determining the effect of the test molecule 
on the formation of complexes comprising p53 and BRCA1 . 

15 Each of these step has many variations, the 

choice of which will customize the assay for a particular 
use . 

In step 1, BRCA1 and p53 may be provided as 
isolated proteins (e.g., produced separately by in vitro 

20 transcription/translation or by in vivo expression) . 

Alternatively, vectors that express genes encoding the 
proteins may be utilized. The test compound can be any 
of a variety of substances, including but not limited to 
small molecules, peptides, proteins, nucleic acids, or 

25 any combination thereof. 

In step 2, numerous variations exist, the 
choice of which depends on the laboratory facilities and 
skills available. Example 2 teaches the use of 
glutathione -sepharose beads to precipitate glutathione S- 

30 transferase (GST) fusion proteins. Example 2 also 

teaches the use of antibodies specific to p53 or BRCA1 to 
precipitate complexes. Many variations exist on these 
two methods. Kits are commercially available with 
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different kinds of beads and methods to bind to proteins 
of interest . These beads may be separated from the total 
assay buffer by centrif ligation, filtering, or in the case 
of magnetic beads, magnetism. Numerous methods exist 
5 that will be well known and usable by those skilled in 
the art . 

Step three determines the molecules that are in 
the isolated complexes. If a non-protein test molecule 
has been employed in step one, the outcome in step three 

10 may be that BCRA1 does not associated with p53 as well as 
the controls, or BCRA1 may associate with p53 better than 
the controls. In Example 2, SDS-PAGE is taught as a 
method for identifying the components of the complexes by 
molecular weight. If the protein molecules of the assay 

15 are labeled with [ 35 S] -methionine as is taught in Example 
1, then they can be identified by f luorography . [35S] - 
methionine labeling additionally allows the amount of the 
protein to be accurately determined and allows the 
detection of levels of protein too low for Coomassie 

20 staining and silver staining after SDS-PAGE. 

Additionally, proteins in the precipitated complex can be 
identified by western blotting after PAGE according to 
methods well known to those skilled in the art. Anti- 
BRCA1 and anti-p53 monoclonal antibodies are commercially 

25 available (Oncogene Science) . 

Another assay of the invention is a cell-based 
assay to determine the effect of a particular test 
molecule on p53 -dependent and p53- independent BRCA1 
regulation of cell proliferation regulation pathways. In 

30 accordance with the present invention it has been learned 
that BRCA1 regulates the cell cycle through p53 -dependent 
coactivation and p53- independent activation of genes. 
While this assay has many embodiments, the basic assay 
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consists of two steps: 

1. Cotransfection of a cell line that lacks 
functional p53 and BRCA1 with a series of vector 
combinations that express p53, BRCA1 , and empty vector 
i controls, for instance, such as those shown in the 
following array, along with a reporter gene operably 
linked to a promoter activated by p53 and/or BRCA1 : 



10 BCRAl expression 
vector 

empty BRCA1 
expression 
15 vector 

p53 expression 
vector 

20 empty p53 
expression 
vector 



25 



Test molecule 



2. Determine the level of activity of the 
BRCAl/p53 cell proliferation pathway. 



Each of these steps has numerous variations, 
30 the choice of which will customize the assay to specific 
conditions. This assay can be used to particular 
advantage in conjunction with the in vitro assay. Test 
molecules that are found to inhibit the p53/BRCAl 
interaction in the in vitro assay can be tested for their 
35 in vivo action in this cell -based assay. 

In the first step, a cell line that is 
deficient in p53 and/or BRCA1 is used, and may be further 
engineered with reporter genes operably linked to p53- 
specific or BRCA1 -specific promoters, as described for 
40 instance in Example 2. The transfection methods taught 
in Example 2 are lipofectin, lipof ectamine, and calcium 
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phosphate-precipitation. The choice of transfection 
method depends on the type of cell used in the 
transfection, and such methods are well known to persons 
skilled in the art. Additionally, cell lines stably 
5 transformed with the appropriate, expression cassettes may 
be used instead of transfection. 

Step two of the cell based assay requires that 
the activity of the BRCAl/p53 cell proliferation pathway 
be determined. Two general methods are taught in the 

10 examples. Reporter genes may be co-transf ected into 

cells. Alternatively, an apoptosis assay or cell cycle 
arrest assay may be used as a means of determining the 
activity of the BRCA1 or BRCAl/p53 cell proliferation 
pathways. The TUNEL assay is taught in Example 2 as a 

15 method for determining the degree of cell apoptosis. 
This method, and other methods that measure the gross 
outcome of BRCAl/p53 cell proliferation pathway 
regulation, are very useful for determining the 
therapeutic and industrial usefulness of test compounds. 

2 0 Other methods that measure this broad scope of effect 

include, but are not limited to, the BrdU incorporation 
assay to measure DNA synthesis taught in Example 1 and 
assays for activity of apoptosis-related enzymes, e.g., 
caspase. Various assays to measure cell proliferation, 

25 cell cycle arrest and apoptosis are known to persons 
skilled in the art. 

The present invention also includes diagnostic 
assays. For instance, standard genetic screening for 
mutations in the p53/BRCAl respective binding domains, or 

30 the domain responsible for p53- independent binding of 

BRCA1 to the p21 promoter, is now possible in accordance 
with the present invention. Such screening assays may 
utilize the specific nucleic acid molecules as 
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hybridization probes. Alternatively, antibodies 
immunologically specific for the respective binding 
domains may be developed and utilized. 

Nucleic acid molecules encoding BRCA1 and p53 
5 (and specific portions thereof, as well as part or all of 
the proteins themselves, may be used to advantage to 
control cellular proliferation, either through p53- 
independent regulation of p21 or through co-regulation of 
apoptosis signal transduction by BRCA1 and p53 . In a 

10 preferred embodiment, the p53- independent BRCA1 

activation pathway or the BRCAl/p53 co-activation pathway 
is up-regulated, thereby inducing cell cycle arrest or 
apoptosis. Such up-regulation is suitable for treatment 
of neoplastic cell growth either in cultured cells or in 

15 vivo, in a patient requiring such therapy. 

In another embodiment, the aforementioned 
pathways are down- regulated, resulting in an increase in 
cell proliferation due to the removal of cell cycle 
checkpoints and apoptosis signal transduction. This type 

20 of down regulation is useful for expanding cell lines in 
culture, or as a research tool to study the effect of 
such manipulation on long term cell growth and 
development . 

Up-regulation or down- regulation of p53- 

25 independent or -dependent BRCA1 -mediated transcription 

may be accomplished in a variety of ways known to persons 
skilled in the art. Some of these ways are described 
above, and utilize various DNA or protein fragments, or 
truncation mutants of BRCA1, to block the pathway (s) at 

30 various points, thereby down- regulating the pathway (s) 
and increasing cell proliferation. Other methods 
include, but are not limited to, (1) over-producing BRCA1 
or p53 in cells that do not produce the proteins, or that 
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produce defective proteins; and (2) enhancing the 
interaction between BRCA1 and p53 or the p21 promoter. 
Such methods are considered within the scope of the 
present invention. 
5 According to another aspect of the invention, 

kits are provided to facilitate performing the above- 
described assays. In one embodiment, the kits comprise 
one or more of the DNA constructs encoding BRCA1, p53 , 
fragments and mutants thereof, and reporter genes 

10 operably linked to transactivational targets of BRCA1 

and/or p53, as described in greater detail herein, along 
with instructions on how to use the constructs to perform 
the assays of the invention In another embodiment, the 
kits comprise aliquots of transgenic cells and 

15 instructions for their use. In another embodiment, the 
kits may comprise antibodies and other reagents for 
performing immunological assays. The kits may also 
comprise, optionally, various additional reagents for the 
assays, such as growth media, enzyme substrates for the 

20 reporter gene product, and standard solutions for 
calibrating expression of the reporter gene. 

The following examples are provided to describe 
the invention in greater detail. They are intended to 
illustrate, not to limit, the invention. 

25 



EXAMPLE 1 
BRCA1 Arrests the Cell Cycle by 
3 0 Transact ivating the Expression of p21 iayl/cipl 

Because several known tumor suppressor genes 
interact with or negatively regulate the cell cycle 
machinery, the effect of BRCA1 on cell cycle progression 
35 was investigated. This example describes the results of 
that investigation. 
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A. Materials and Methods 

Plasmid constructs. The pCEP4-p53 and pWWP-Luc 
plasmids are described in the literature (El-Deiry et 
al., 1993, supra). The construction of the p21 -promoter 
5 deletions fused to the luciferase reporter gene has been 
described (Zeng et al . , 1997, Nature Genetics 15:78-82). 
The human p21-promoter lucif erase-reporters with 5'- 
truncations at -153 , -143 and-133 were constructed and 
sequenced as described (Zeng et al . , 1997, Nature 

10 Genetics 15:78-82). The murine p21 promoter-CAT 

reporter, pCATl, has been described (El-Deiry et al . , 
1995, Cancer Res. 55:2910-2919). The GFP expression 
vector pGreen Lantern- 1 was obtained from Gibco. The 
pCR3-BRCAl expression plasmid has been previously 

15 described (Thankur et al . , 1997, Mol . Cell. Biol. 
17:4444-452) . 

pCR3 vectors encoding synthetic and tumor- 
associated BRCA1 mutants (Fig. 3A) were constructed as 
follows. The RAD51-interaction-def icient mutant plasmid 

20 (A515-1091) was constructed by digestion of pCR3-BRCAl 
using Bsu36I to delete nucleotides 1661-3392 (Miki et 
al., 1994, Science 266:66-71), followed by in-frame 
intramolecular ligation. The transactivation domain 
deletion mutant plasmid (A1314-1863) was prepared by 

25 digestion of pCR3-BRCAl with BairiHl (nucleotide 4058) and 
Notl (nucleotide 5833) , Klenow fill-in and subsequent 
intramolecular blunt-end ligation at 37°C. The double 
mutant (A500-1863) was cloned by polymerase chain 
reaction (PCR) amplification of nucleotides 1-1616 using 

30 pCR3-BRCAl as a template and the following primers: 

5 ' - GCAAGCTTGCCACCATGGATTTATCTGCTCTTCGC - 3 ' ( SEQ 
ID NO:4) and 

5 1 -TTGTGAGGGGACGCTCTTGTA-3 1 (SEQ ID NO: 5). 
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The 1.6-kilobase PCR product was ligated into the pCR3 
vector, and a clone expressing the N-terminal region of 
BRCA1 in the sense orientation downstream of the CMV- 
promoter was isolated. The ANLS/C + NLS vector was 
5 prepared as follows. A 488-bp DNA fragment containing a 
fusion between the extreme C terminus of BRCA1 and the 
NLS region (amino acids 499-510) was generated by PCR 
amplification of pCR3-BRCAl using the following primers: 
5 1 - AGGAGATGTGGTCAATGGAAG- 3 1 { SEQ ID NO : 6) and 

10 5 1 - TATCATGATGTAGGTCTCCTTTTACGCTTTAATTTATT 

GTAGTGGCTGTG-3 ' (SEQ ID NO: 7). 
This PCR product was subcloned into pCR3 and released as 
an Apal fragment which was cloned in- frame into an Apal- 
digested ANLS plasmid. pCR3 vectors encoding the 

15 transactivation-domain tumor-derived BRCA1 mutants 

(Chapman and Verma, 1996, supra; Monteiro et al . , 1996, 
supra) (P1749R, Y1853insA, Q1756insC) were constructed by 
amplification of a 1.8-kb C-terminal region containing 
the specific mutations and subcloning into pCR3-BRCAl 

20 digested with BairiHl and Notl . All mutant BRCA1 

expression plasmids used were sequenced and shown to 
express protein. Deletion of the nuclear localization 
signal (Thakur et al . , 1997, supra) (ANLS mutant) 
resulted in cytoplasmic staining, which reverted back to 

25 the nucleus upon addition of a C-terminal NLS (ANLS/C + 
NLS; unpublished data) . 

Cells , transf ections and lucif erase assays. 
The p21 +/+ parental and p21^' HCT116 human colon cancer 
cells (Waldman et al . , 1995, Cancer Res. 55:5187-5190) 

3 0 were provided by T. Waldman and B. Vogelstein. SW480, 
HeLa, COS -7 and CV1 cells (ATCC) were transf ected as 
described (El-Deiry et al . , 1993, Cell 75:817-825). 
Luciferase and CAT assays were performed as described 
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(El-Deiry et al . , 1993, supra; El-Deiry et al . , 1995, 
Cancer Res. 55:2910-2919). HeLa cells expressing BRCA1 
or mutants were obtained following transfection of HeLa 
cells with BRCA1, ANLS or A515-1091 mutants and 
5 continuous growth in 0.4 mg*ml" 1 G418. 

Analysis of BrdU incorporation in transfected 
GFP(+) cells. SW480 or HCT116 cells were co-transf ected 
with pGreen Lantern- 1 and mammalian expression vectors 
(as indicated in Figs 1,4 and Table 1) at a ratio of 1:3. 

10 At 12 h after transfection, BrdU (Sigma) was added at a 
final concentration of 20 /zM and the cells incubated for 
20 h at 37°C. Cells were examined by fluorescence 
microscopy to identify GFP(+) cells. Cells were treated 
with a mouse anti-BrdU monoclonal antibody (BM 9318, 

15 Boehringer Mannheim) and Rhodamine- conjugated goat anti- 
mouse IgG (Pierce) as described (Zeng et al . , 1997, 
supra) . The number of BrdU(+) cells was determined for 
all of the GFP(+) cells in three high-power fields, as 
described in Fig. 1. 

20 Ixranunocytochemistry and ixnmunof luorescence * 

SW480 cells, transfected with expression plasmids, were 
stained 24 h later with an ant i- human -WAF1 monoclonal 
antibody (Abl; Calbiochem) as described (El-Deiry et al . , 
1995, supra) . Immunofluorescence analysis of BRCA1 

25 expression was performed as described (Thakur et al . , 
1997, supra) . 

Northern blot analysis. Total RNA was isolated 
and northern blot analysis was performed as described 
(El-Deiry et a., 1993, supra), and p21 mRNA expression 

30 was detected using a 2.1-kb human p21 cDNA probe (El- 
Deiry et al., 1993, supra). Equivalent loading of 
various RNA samples was demonstrated using a probe for 
rpl32, which encodes a ribosomal protein (Meyuhas and 
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Perry, 1980, Gene 10:113-129). 

Immunoprecipitation and western blot analysis . 

Cells were lysed in a buffer containing 50 mM Tris-HCl # 
pH 7.5, 120 mM NaCl, 50 mM NaF, 0.5% NP-40, 1 mM EDTA, pH 
5 8.0, 1 mM phenylmethyl sulphonyl fluoride (Gibco) , 1% 
antipain (Sigma) , 1% leupeptin (Sigma) , 1% pepstatin A 
(Sigma) , 1% chymostatin (Sigma) and 1% AEBSF 
(Calbiochem) . Immunoprecipitations were carried out in 
the lysis buffer using 2 /ig of anti-BRCAl monoclonal 

10 antibody (Abl; Calbiochem) for 2 h at 4°C, followed by 
the addition of 50% protein A-agarose beads (Sigma) and 
incubation for 1 h. After 3 washes with lysis buffer the 
immunoprecipitated proteins were analyzed by western 
blotting as described in Example 1, using a 1:250 

15 dilution of the anti-BRCAl monoclonal antibody, which was 
raised using the N-terminal portion of recombinant human 
BRCA1 (amino acids 1-3 04) as the immunogen (Calbiochem) . 
B. Results 

By using green fluorescent protein (GFP) to 
20 mark specific transfected cells (Zeng et al . , 1997, 

Biotechniques 23:88-94), we examined the effects of BRCAl 
transfection on new DNA synthesis in SW480 and HCT116 
human colon cancer cells (Figs 1, 4 and Table 1) . We 
found fewer BrdU(+) /GFP (+) SW480 cells following 
25 transfection of either BRCAl or p53 than with their 

control vectors (Fig. 1) . A quantitative summary of the 
percentage of BrdU (+) /GFP (+) cells from three independent 
experiments in SW480 cells is shown in Fig. 1 and Table 
1. BRCAl inhibited new DNA synthesis in SW480 cells by 
30 approximately 50% compared with the pCR3 vector. The 
extent of inhibition of BrdU incorporation following 
BRCAl transfection was similar to p53 transfection (Fig. 
1) . BRCAl also inhibited S-phase progression in HCT116 
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cells (Fig. 4) . These results suggest that BRCA1 can 
inhibit S-phase progression and thus negatively regulate 
the cell cycle in human cancer cells. 

5 Table 1. Cell cycle effects of tumor -derived BCRA1 
mutants . 

GFP(+) cells BrdU(+) cells BrdU ( + ) /GFP ( + ) 

(%) 

10 pCR3 43 27 62.8 

BRCA1 55 19 34.6 



15 



P1749R 59 31 52.5 

Y1853insA 56 32 57.1 



These BRCA1 mutants are defective at inhibiting DNA synthesis. GFP 
was used as a marker for transfection of SW480 cells. GFP(+) cells 
were examined for BRrdU incorporation (BrdU(+)) by anti-BrdU 
20 staining. BrdU (+) /GFP (+) cells with active DNA synthesis. 

We investigated cycl in- dependent kinase (CDK) 
inhibition of cell -cycle progression as a potential 
mechanism by which BRCA1 may control cell proliferation. 

25 Induction of p 2i WAF1/cm expression has been linked to 
growth inhibition by p53 (El-Deiry et al . , 1993, Cell 
75:817-825)), and p21 expression also has been found to 
signal growth arrest, independent of p53, in cells 
undergoing differentiation (Zhang et al . , 1995, Cancer 

30 Res. 55:668-674). The protein p21 is a universal cell- 
cycle inhibitor that specifically binds cyclin-CDK 
complexes and proliferating cell nuclear antigen, thereby 
serving as a potent growth inhibitor and effector of 
cell -cycle checkpoints (Sherr and Roberts, 1995, Genes 

35 Dev. 9:1149-1163) . As BRCA1 contains a carboxy- terminal 
transactivation domain (Chapman and Verma, 1996, Nature 
382:678-679), we hypothesized that BRCA1 may 
transcriptionally induce p21 expression and thus 
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negatively regulate cell -cycle progression. We examined 
the effect of BRCA1 on p21 -promoter reporter gene 
expression following transfection into SW480, HCT116, 
COS-7, HeLa and CV1 cells (Figs 2, 3, and data not 
5 shown) . BRCA1 activated the human p21 promoter 

luciferase-reporter by 5- to greater than 20- fold in 
SW480 (Fig. 2A) , HCT116 (Fig. 2A) , HeLa (data not shown) 
and COS-7 (Fig. 3B) cells, as compared to transfection of 
the pCR3 vector. BRCA1 also transactivated the mouse 

10 p21-promoter by more than 10-fold in CV1 cells (Fig. 2B) . 

Deletion mapping within the human p21 promoter 
identified a control region of 50 base pairs (between - 
143 and -93) within the proximal promoter that seems to 
mediate activation of p21 by BRCA1 (Fig. 2C) . The two 

15 p53 -binding sites are not required for BRCA1 

transactivation of p21. Whether p21 activation by BRCA1 
is a direct consequence of BRCA1 binding to the p21 
promoter or is an indirect effect is not known. We also 
investigated whether BRCA1 could activate endogenous p21 

20 mRNA and protein expression. Figure 3D shows that p21 
mRNA levels were elevated in HeLa cells after BRCA1 
transfection. By using immunochemical methods, we also 
found increased levels of endogenous p21 protein in SW 
480 cells transfected with BRCA1 , compared with cells 

25 transfected with vector alone. Thus, transcriptional 
activation of p21 by BRCA1 appears to be functionally 
relevant . 

To further elucidate the biological importance 
of p21 regulation by BRCA1, we examined the effect of 
3 0 various synthetic and tumor-associated mutant BRCA1 

proteins on p21 expression and cell -cycle progression 
(Figs. 3,4 and Table 1). Mutants of BRCA1 lacking a 
functional nuclear localization signal, the C- terminal 
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transactivation domain, the RAD51- interacting domain or 
all three domains were deficient in activating p21 
expression (Fig. 3A,B) . Similarly, three different 
tumor-associated transactivation-def icient (Chapman and 
5 Verma, 1996, supra; Monteiro et al . , 1996, PNAS 93:13595- 
13599) BRCA1 mutants were defective in activating the 
human p21-promoter lucif erase -reporter gene (Fig. 3C) . 
The two tumor-associated transactivation-def icient BRCA1 
mutants tested for cell -cycle inhibition were also found 

10 to be deficient in cell-cycle inhibition in SW480 cells 
(Table 1) . These results indicate that transactivation 
by BRCA1 may be required for its cell -cycle inhibitory 
effect, and that tumor-derived BRCA1 mutants may be 
defective in cell -cycle inhibition. 

15 To determine whether p21 is required for the 

cell -cycle inhibitory effect of BRCA1, we examined the 
extent of new DNA synthesis following BRCA1 transfection 
into p21* /+ and p2r ; - HCT116 cells. BRCA1 inhibited new 
DNA synthesis in p21 +/+ HCT116 cells, but there was no 

2 0 evidence of DNA synthesis inhibition resulting from BRCA1 
in the p21" / " cells (Fig. 4) . These observations indicate 
that p21 induction may be required for cell -cycle 
inhibition by BRCA1 in HCT116 cells. Expression of p21 
has previously been shown to be required for cell -cycle 

25 arrest following Y-i rradi ^tion of these cells (Waldman et 
al., 1995, Cancer Res. 55:5187-5190). 

These results demonstrate that BRCA1 can 
negatively regulate the mammalian cell cycle, and suggest 
that this effect is at least partly mediated by the 

30 ability of BRCA1 to induce p21. Although previous 

studies have reported that expression of BRCA1 is cell- 
cycle dependent (Vaughn et al . , 1996, Cell Growth Differ. 
7:711-715; Gudas et al . , 1996, 7:717-723; Chen et al . , 
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1996, Cancer Res. 56:3168-3172), our results demonstrate 
that BRCA1 can inhibit cell -cycle progression. The 
absence of this inhibition in p2r A cells indicates that 
p21 expression maybe essential for BRCA1 to inhibit new 
5 DNA synthesis. Decreased cell -cycle inhibition by 

transactivation-def icient tumor-derived BRCA1 mutants is 
consistent with the idea that regulation of p21 by BRCA1 
may contribute to growth control. In support of this, 
recent observations in the yeast Saccharomyces cerevesiae 

10 demonstrate that the C-terminal 303 amino acids of BRCA1 
are sufficient to inhibit yeast colony formation, and 
that tumor-associated mutations in the context of the 303 
amino-acid region fail to inhibit colony growth (Humphrey 
et al., 1997, PNAS 94:5820-5825). 

15 The results reported in this example are at 

odds with recent observations that cells from BRCAl-null 
mouse embryos have increased levels of p21 mRNA, which 
suggest that BRCA1 may suppress p21 expression during 
development to allow cell growth (Haken et al . , 1996, 

20 Cell 85:1009-1023). However, p21 protein level and its 
effect on the cell cycle have not been determined in 
BRCAl-null embryos, and the mechanism of increased p21 
expression remains unclear (Haken et al . , 1996, supra). 
BRCA1 may serve different functions during development 

25 and adulthood. It also is possible that the absence of 

BRCA1 in these cells perturbs a feedback loop controlling 
expression of p21. Although our data do not provide a 
clear explanation for this difference, our results 
demonstrate that BRCA1 can transcriptionally induce p21 

30 expression and negatively regulate the cell cycle. The 
identification of BRCA1 as an RNA polymerase II 
holoenzyme-associated protein provides additional 
evidence for the role of BRCA1 in transcriptional 
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activation (Scully et al . , 1997, PNAS 94:5605-5610). The 
importance of this role in tumor suppression is further 
supported by the fact that about 90% of the mutations in 
BRCA1 result in C-terminal truncations that involve the 
5 transact ivat ion domain. The loss of cell -cycle 

inhibition in p21-/- cancer cells and the deficiency in 
p21 activation and cell-cycle inhibition by tumor-derived 
BRCA1 mutants supports the notion that p21 expression may 
lead to a quiescent or growth- inhibited state, which may 
10 contribute to BRCA1- dependent tumor suppression. 



EXAMPLE 2 

BRCA1 Interacts with p53 to Regulate Transcription 

15 In this example, the participation BRCA1 and 

p53 may participate in a common pathway of growth 
regulation is demonstrated. BRCA1 and p53 are shown to 
form stable complexes, both in vitro and in vivo. BRCA1 
is shown to be a potent coactivator of p53 -dependent 

20 transcription of the p21 and bax genes. 



A. Materials and Methods 

Cell Lines and Culture Conditions. The SW480 
human colon adenocarcinoma cell line was maintained in 

25 culture as described in Example 1. HCT116 human colon 
cancer cells (wt p53) were provided by Bert Vogelstein 
(Johns Hopkins University) , and cultured as previously 
described (McDonald et al . , 1996, Cancer Res. 56 
: 2250-2255) . Mouse embryo fibroblasts (p53" /_ ) were 

30 provided by Tyler Jacks (Massachusetts Institute of 

Technology). SAOS-2, Hela, C0S7, HBL100, U20S and 293 
cells were obtained from ATCC. 

Reporters and Expression Plasmids. The 
pWWP-LUC, PG13-LUC and pCEP4 -p53 plasmids were provided 
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by B. Vogelstein (Johns Hopkins University) . pbax-LUC 
was obtained from Karen Vousden (NCI, Frederick, MD) . 
The -143 p21 Luc reporter was described in Example 1. 
pGEX-5Xl was purchased from Pharmacia, and the pCR3 and 
5 pCR3.1 were purchased from Invitrogen. The Lucif erase T7 
control DNA was obtained from Promega. Wild-type and 
mutant BRCA1 (Aexonll, A500-1863, A1312-1863, P1749R, 
Y1853insA and Q1756insC) were described previously 
(Thakur et al . , 1997, supra; Somaundaram et al . , 1997, 

10 supra) . The p53 cDNA was amplified using the primers 
5 ' -AAGCTTGCCACCATGGAGGAGCCGCAGTCA-3 ' (SEQ ID NO: 8) and 
5 ' -ATGCGGCCGCTCAGTCTGAGTCAG- 3 ' ( SEQ ID NO : 9 ) 
and the human p53 cDNA as template. The resulting PCR 
product was sub-cloned into pCR3.1. Using the human 

15 BRCA1 cDNA as template, venous BRCA1 fragments were 
amplified and cloned into pCR3 . 1 for in vitro 
translation. The primers used were: 
For BRCA1 exon 11 (224-1365) : 

5 1 -TAAGCTTGCCACCATGGCTGCTTGTGAATTT-3 1 (SEQ ID NO: 10) and 
20 5 • - ACTCGAGTCATAAGTTTGAATCCAT - 3 ' ( SEQ ID NO : 1 1 ) ; 
BRCA1 (1-1056) : 

5 • - GCAAGCTTGCCACCATGGATTTATCTGCTCTTCGC -3' (SEQ ID NO:12) 
and 5 • -GGAGCCCACTTCATTAGTAC-3 ' (SEQ ID NO: 13); 
BRCA1 (1-98) : 

25 5' -GCAAGCTTGCCACCATGGATTTATCTGCTCTTCGC-3 ' (SEQ ID NO: 14) 
and 5 ' -ACCTGTGTCAAGCTGAAAAGCAC-3 1 (SEQ ID NO:15); 
BRCA1 (91-500) : 

5 ' -AAGCTTGCCACCATGTGTGCTTTTCAGCTT-3 1 (SEQ ID NO: 16) and 
5 1 -TCTCGAGTCAATTTGTGAGGGGACG-3 1 (SEQ ID NO: 17); 
30 BRCA1 (224-500) : 

5 » - TAAGCTTGCCACCATGGCTGCTTGTGAATTT - 3 1 ( SEQ ID NO : 1 8 ) and 
5 ' -TCTCGAGTCAATTTGTGAGGGGACG-3 ' (SEQ ID NO: 19). 

For production of GST-p53 fusion proteins, 
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full-length and different fragments of p53 were amplified 
using the following primers: 
wt p53 : 

5 ' - GTCGAATTCGAGGAGCCGCAGTCAGAT -3' (SEQ ID NO:20) and 
5 5 ' -ATGCGGCCGCTCAGTCTGAGTCAG-3 • (SEQ ID NO: 21); 
p53 (1-43) : 

5 ' -GTCGAATTCGAGGAGCCGCAGTCAGAT- 3 ' (SEQ ID NO: 22) and 
5 ' - ATGCGGCCGCCAAATCATCCATTGC - 3 ' ( SEQ ID NO : 2 3 ) ; 
p53 (1-200) : 

10 5 ' -GTCGAATTCGAGGAGCCGCAGTCAGAT- 3 ' (SEQ ID NO: 24) and 
5 ' - TACTCGAGATTTCCTTCCACTCGGAT - 3 • ( SEQ ID NO : 2 5 ) ; 
p53 (100-300) : 

5 1 -ATGAATTCCAGAAAACCTACCAG-3 1 (SEQ ID NO: 26) and 
5 ' -TACTCGAGGGCAGCTCGTGGTG-3 ' (SEQ ID NO: 27); 
15 p53 (201-393) : 

5 ' -ATGAATTCTTGCGTGTGGAGTATTTG-3 1 (SEQ ID NO: 28) and 
5 ' -ATGCGGCCGCTCAGTCTGAGTCAG-3 • (SEQ ID NO: 29); 
p53 (300-393) : 

5 1 -ATGAATTCCCCCCAGGGAGCACT-3 1 (SEQ ID NO: 30) and 
20 5 ' -TGCGGCCGCTCAGTCTGAGTCAG-3 1 (SEQ ID NO: 31) . 

The PCR products were cloned into the following 
restriction sites of the pGEX-5Xl GST vector: wt p53 
EcoRl/NotI; p53 (1-43) EcoRl/NotI; p53 (1-200) 
EcoRl/XhoI; p53 (100-300) EcoRI/XhoI; p53 (201-393) 
25 EcoRI/Wbtl; p53 (300-393) EcoRl/NotI. To make the 

GST-BRCA1 (91-500) fusion protein, the BRCA1 (91-500) 
product was generated by PCR from the human BRCA1 cDNA 
with primers 5 ' -AGAATTCTGTGCTTTTCAGCTT-3 1 (SEQ ID NO: 32) 
and 5 ' -TCTCGAGTCAATTTGTGAGGGGACG-3 ' (SEQ ID NO: 33). 
30 After digestion with EcoRI and Xhol , the fragment was 

subcloned into pGEX-5Xl. The cloned DNA sequence of all 
of the above vectors was verified. 
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Transfections and Lucif erase Assays. SW480 and 
MEF cells were transfected using lipofectin and 
lipof ectamine (GIBCO) respectively as described 
previously (El-Deiry et al., 1993, supra). SAOS2 cells 
5 were transfected using the calcium phosphate 

precipitation described in Example 1. Lucif erase assays 
were performed as described (Zeng et al . , 1997, supra) . 

GST- fusion Protein Purification. Various 
pGEX-5Xl fusion constructs were transformed into DH5a E. 

10 coli (GIBCO/BRL) . The GST-p53 or GST-BRCA1 (91-500) 
proteins were produced following incubation of the 
bacteria with 0.1-1 mM IPTG at 3 0°C for 2-3 hours. The 
cell pellet was resuspended in PBS and sonicated. The 
soluble GST-fusion proteins were immobilized onto 

15 Glutathione Sepharose 4B beads (Pharmacia) . 

In vitro Interaction Between BRCA1 and p53 . In 
vitro translations were carried out in the presence of 4 0 
/zCi t 35 S] -methionine (NEN) using TNT 7 coupled reticulocyte 
lysate system (Promega) . For in vitro binding assays, 

20 five to 20 /zl of in vitro translated 35 S-labeled proteins 
or cell lysate from IxlO 7 cells was incubated with 
glutathione-sepharose beads containing GST- fusion 
proteins from 10 ml bacterial cultures. After washing, 
the bound proteins were eluted with 30 /il SDS sample 

25 buffer and resolved by 7.5% SDS-PAGE followed by 

f luorography . In experiments where unlabeled cell 
extracts were used, after SDS/PAGE separation, the 
proteins were transferred to Hybond™P membrane 
(Amersham) . Immunoblotting was carried out using 

30 anti-BRCAl monoclonal antibody (SG11, 1:100 dilution; 
Oncogene Science) and ECL™ (Amersham) . 

TUNEL Assay. SW480 cells (3xl0 4 / well) were 
transfected with mammalian expression vectors (1 /zg) in 
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8-well chamber slides. The cells were fixed with neutral 
buffered formalin after 40 hrs and analyzed for 
fluorescence emission by TUNEL assay using the Apoptag 
Plus In Situ apoptosis detection kit -fluorescein (ONCOR) 
5 as previously described (Wu et al . , 1997, Nat. Genetics 
17:141-143). Briefly, fixed cells were incubated with 
digoxigenin- labeled nucleotides and TdT enzyme followed 
by washing with PBS and incubation with an 
anti-digoxigenin-FITC conjugate. In each experiment, the 

10 % of TdT ( + ) cells was determined by counting at least 300 
cells from 5-10 random transfected fields. 

Immunoprecipitations and Immunoblotting of 
BRCA1 and p53 . Immunoprecipitation was carried out using 
an immunoprecipitation kit (Boehringer Mannheim) . About 

15 lxlO 7 cells were lysed in Wash Buffer 1 (50 mM Tris, pH 
7.5, 150 mM NaCl, 1% NP40, 0.5% sodium deoxycholate plus 
protease inhibitor cocktail) . After preclearing with 
protein G-agarose beads, lysates were mixed with 
antibodies (1 /xg/ml) and protein G-agarose. The 

20 antibodies used are anti-BRCAl, (C2 0; Santa Cruz) and 
(SG11; Oncogene Science), anti-pl6 (Abl; Oncogene 
Science), anti-MDM-2 (Abl; Oncogene Science) and anti-p53 
(Ab-6; Oncogene Science) . The beads were washed three 
times with Wash Buffer I, one time with Wash Buffer 2 

25 (50 mM Tris, pH 7.5, 500 mM NaCl, 0.1% NP40, 0.05% sodium 
deoxycholate) , and one time with Wash Buffer 3 (50 mM 
Tris, pH 7.5, 0.1% NP40, 0.05% sodium deoxycholate). 
Samples were solubilized in SDS -sample buffer by boiling 
for 5 minutes and separated by 7 . 5 % SDS-PAGE. After 

3 0 transferring, the membranes were incubated with anti-p53 
antibody conjugated to HRP (1:200 dilution of p53D01; 
Santa Cruz) or anti-BRCAl antibody (1:200 dilution of 
SG11; Oncogene Science). A 1:300 dilution of anti-mouse 
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HRP (Amersham) was used to detect BRCA1 . 
B. Results 

BRCA1 stimulates p53 -dependent transcription. 

Because both p53 and BRCA1 can transactivate the p21 
5 promoter, we investigated the effects of BRCA1 on 

p53-dependent transcription. BRCA1 either alone or in 
combination with p53 was cotransf ected into SW480 colon 
carcinoma cells together with a synthetic p53-specific 
reporter (PG13-LUC) (El-Deiry et al . , 1993, supra). The 

10 expression of BRCA1 in SW480 (endogenous mutant p53) had 
no effect on p53-specific reporter expression in the 
absence of exogenous wild- type p53 (Fig. 5A) . As 
previously reported, transfection of p53 in SW480 cells 
led to stimulation of the PG13-lucif erase reporter 

15 (El-Deiry et al . , 1993, supra). Unexpectedly, a dramatic 
increase in luciferase activity was observed following 
cotransf ect ion of SW480 cells by BRCA1 and wt p53 
expression vectors (Fig. 5A) . We confirmed the effect of 
BRCA1 on p53-dependent transcription in MEF p53-/- (Fig. 

20 5B) , wild-type p53 -expressing HCT116 (Fig. 5C) , wild-type 
p53- expressing MCF7 breast cancer cells (Fig. 5D) and 
SAOS-2 (p53-null Osteosarcoma) cells (data not shown) . 
The coactivation of p53-dependent transcription by BRCA1 
was dose -dependent with respect to BRCA1 and required the 

25 presence of wild- type p53 (Fig. 5E) . 

The transcriptional activity of p53 leads to 
increased expression of p21 and bax, putative effectors 
of p53 -mediated growth arrest and apoptosis respectively 
(Levine, 1997) . BRCA1 stimulated p53-dependent 

30 transcription by six- to eight -fold from the p21 and bax 
promoters, respectively (Fig. 5F,G) . As expected, 
expression of BRCA1 alone activated the p21 promoter (see 
Example 1) . However, BRCA1 did not activate the bax 
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promoter in the absence of exogenous wt p53 (Fig. 5G, 
lane 2) . Because of the increased expression of 
endogenous p53 target genes in wt p53- expressing cells as 
compared to cells which lack wt p53 (Wu et al . , 1997, 
5 supra; El-Deiry et al., 1994, supra; Blasgosklonny et 

al., 1997, Intl. J. Oncology 11:1165-1170) and because of 
the lack of availability of BRCAl-null cell lines, it has 
been difficult to demonstrate that BRCA1 co-activates 
expression of endogenous p53 targets. It remains unclear 

10 whether endogenous p53- dependent p21 expression requires 
BRCA1. In transfection experiments it is possible to 
limit the amount of p53, a potent transcription factor, 
to demonstrate the role of BRCA1 as a coactivator. 
Because numerous studies have previously correlated the 

15 expression of endogenous genes with these reporters, we 
believe that the coactivation of p53-dependent 
transcription provides important insight into how BRCA1 
may regulate the p53-dependent growth inhibitory pathway. 

BRCA1 interacts with p53 . BRCA1 may regulate 

20 p53 -mediated transcription either directly through 
protein-protein interaction or indirectly through 
association with other proteins whose function may 
stimulate p53 -mediated transcription. To determine 
whether BRCA1 binds to p53 in vitro, we used either 

25 glutathione S-transf erase (GST) or GST-p53 fusion protein 
bound to Glutathione sepharose beads to precipitate 
either in vitro translated or cellular BRCA1 proteins. 
Approximately 2 0% of input 35 S- labeled BRCA1 bound to 
GST-p53 protein but no BRCA1 bound to GST alone. 

30 35 S-labeled Lucif erase protein, a negative control, did 
not bind to either GST or GST-p53 . 

In a similar experiment, COS -7 cell extracts 
were mixed with beads containing GST or GST-p53 and the 
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bound proteins were analyzed by BRCA1 immunoblotting. 
BRCA1 specifically associated with GST-p53 but not GST. 
To investigate the interaction between BRCA1 and p53 
proteins in vivo, immunoprecipitations followed by 
5 western blots were performed. In these experiments, an 
anti-p53 monoclonal antibody directly conjugated to 
horseradish peroxidase was used to detect p53 directly. 
The endogenous p53 of COS-7, Hela, U20S and SW480 cells 
co-immunoprecipitated with BRCA1 . Although p53 protein 

10 is well known to be targeted for degradation by HPV-E6 
protein in Hela cells, it was readily detectable in our 
co-immunoprecipitation assay. Interaction of p53 with 
CBP has also been demonstrated in Hela cells (Gu et al . , 
1997, Nature 387:819-822). We have consistently observed 

15 that endogenous BRCA1 could be specifically recovered in 
association with the exogenous GST-p53 fusion protein 
linked to agarose beads. 

We have found no evidence for a BRCA1 -dependent 
supershift of p53-DNA binding site electrophoretic 

2 0 mobility using two different anti-human BRCA1 antibodies. 
It is possible that the interaction between BRCA1 and p53 
may not be stable enough for gel shift experiments, that 
BRCA1 is not required for the DNA binding by p53, or that 
BRCA1 may be present but concealed by other proteins . 

25 Although BRCA1 and p53 appear to associate both in vitro 
and in vivo, we cannot exclude the possibility that the 
interaction may be indirect. 

A novel N- terminal domain of BRCA1 exon 11 
interacts with p53 in vitro. To identify the region of 

30 BRCA1 that interacts with p53, a series of BRCA1 deletion 
mutants (Fig. 6) translated in vitro in the presence of 
35 S -methionine were individually mixed with GST-p53 -bound 
affinity resin. The region of BRCA1 extending from aa 
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residues 224 to 500 was found to be sufficient for 
interaction with p53 . This region corresponds to the 
N-terminal region of exon 11 of BRCA1 . To further 
confirm the minimal BRCA10- interacting region, either GST 
5 or GST-BRCA1 fusion protein containing residues 74 to 500 
of BRCA1, was mixed with in vitro synthesized full length 
p53 protein. p53 protein specifically bound to the 
GST-BRCA1 , whereas lucif erase protein, did not bind to 
either GST or GST-BRCA1. This conserved domain (Szabo et 
10 al., 1996, Hum. Mol . Genet. 5:1289-1298) has not been 

noted previously to play a role in BRCA1 function. It is 
notable that this region is missing from several 
alternatively spliced forms of BRCA1 (Thakur et al . , 
1997, supra) . 

15 BRCA1 binds to the C-terminal domain of p53 . 

In order to identify the region of p53 (Ko and Prives, 
1996, Genes Dev. 10:1054-1072) which binds to BRCA1, a 
series of p53 deletion mutants (Fig. 7) were generated as 
GST- fusion proteins and their ability to interact with in 

20 vitro translated full-length BRCA1 or exon 11 of BRCA1 
protein was studied. The region of p53 between aa 
residues 300-393 was found to be sufficient for its 
interaction with BRCA1 . These results suggest that the 
physical interaction between p53 and BRCA1 may underlie 

25 the BRCA1 -dependent stimulation of p53 -mediated 
transcription . 

BRCA1 mutants are deficient in stimulation of 
p53 -dependent transcription. To further explore the 
biological relevance of the stimulation of p53-dependent 

3 0 transcription by BRCA1, we studied the effect of various 
synthetic and tumor-derived mutant BRCA1 proteins on 
p53-dependent transcriptional activity. Mutants of BRCA1 
lacking the C- terminus transact ivat ion domain or both the 
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C-terminus transactivation domain and the RadSl- 
interacting domain were poor augmenters of p53-mediated 
transcriptional activity (Fig. 8A) . Similarly, four 
tumor-derived transactivation-def icient BRCA1 mutants 
5 were defective in stimulation of p53-mediated 

transcription (Fig. 8A) . These results suggest that an 
intact transactivation domain within BRCA1 may be 
required for BRCA1 to increase p53 -dependent 
transcriptional activity. 

10 BRCA1 regulates p21 WAyl ' ciP1 through a p53- 

dependent as well as a p53- independent mechanism. p53 
had no effect on BRCA1- dependent activation of the 
p21 -promoter in the absence of p53 DNA-binding sites 
(Fig. 8B) , suggesting that the effect of BRCA1 on p53 

15 (Fig. 5) is specific to p53- up -regulated genes. Thus it 
is clear that BRCA1 can activate p21 by a p53- independent 
pathway that maps to a region distinct from the p53 DNA 
binding site and can coactivate p53-dependent gene 
expression in general only in the presence of p53 binding 

20 sites (Figs. 1, 4) . 

Dominant negative inhibition of p53 -dependent 
transcriptional activity by a BRCA1 truncation mutant 
retaining the p53- interacting domain. The BRCA1 mutant 
A500-1863 (Example 1) , which lacks both the 

25 Rad51 -interacting and C-terminal transactivation domains, 
was used to test whether truncating BRCA1 mutants 
retaining the newly-identified p53- interacting domain may 
act as dominant negative inhibitors of p53 -mediated 
transcription. We predicted that this truncated BRCA1 

30 protein might inhibit p53 -mediated transcriptional 

activity by competing with endogenous BRCA1 for p53 . 
Co-transfection of truncated BRCA1 (A500-1863) with p53 
inhibited p53 -mediated transcription in a dose -dependent 
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manner (Fig. 8C) . The apparent dominant negative 
inhibition of p53 was overcome by increasing amounts of 
exogenous wt BRCA1 (Fig. 8C) . It may be that the 
truncated BRCA1 protein, which does not have a nuclear 
5 localization signal, may associate with p53 prior to its 
entry into the nucleus. 

Cooperation between BRCA1 and p53 in apoptosis 
induction. p53 -mediated apoptosis plays a major role in 
tumor suppression. One mechanism by which p53 mediates 

10 apoptosis is by its ability to activate transcription 

(Haupt et al., 1995, Genes Dev. 9:2170-2183; Chen et al . , 
1996, Genes Dev. 10:2438-2451). In order to determine if 
BRCA1 has any effect on p53 -mediated apoptosis through 
its ability to stimulate p53 -mediated transcription, p53 

15 was co-transf ected with either BRCA1 or its vector into 
SW480 cells. Apoptotic cells were identified by TUNEL 
assay and the apoptotic cells (%) was quantified at 40 
hrs following transfection (Table 2) . Vector-alone 
transf ected cells showed a low level of apoptosis. 

20 Transfection of p53 or BRCA1 alone induced apoptosis up 
to 10-fold and co-transf ection of BRCA1 with p53 
increased further the apoptotic cells (Table 2) 
suggesting p53 and BRCA1 may cooperate to induce 
apoptosis. SW480 cells express low levels of endogenous 

25 BRCA1 (Example 1) , and so it is possible that the 

observed levels of apoptosis following p53 transfection 
alone may already involve cooperation with BRCA1 . The 
modest increase in apoptosis due to exogenous BRCA1 
should also be considered in the context that upper 

30 limit for (%) apoptosis (range of 20-50%) in these 

experiments is the transfection efficiency. The results 
suggest a scenario wherein BRCA1 may enhance the 
induction of apoptosis by p53 possibly through 
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stimulation of p53's transcriptional activity. 

Table 2. 

5 Apoptotic 

Cells (%) 

Plasmids* Expt. #1 Expt. #2 Expt #3 

Used 

10 pCEP4+pCR3 2.3 2.1 1.9 

pCEP4 +BRCA1 9.2 7.0 16.6 



15 



p53+pCR3 3.4 20.7 11.9 

p53+BRCAl 11.8 29.1 18.0 



*SW480 cells were transfected with p53 (0.5 /zg) or its vector pCEP4 
and BRCA1 (0.5 fig) or its vector pCR3 (0.5 pg) in different 
combinations. Apoptotic cells were detected by TUNEL assay as 
20 described in Materials and Methods. Apoptotic cells show strong 
fluorescence staining of fragmented chromatin. 

C. Discussion 

Both p53 and BRCA1 are physically altered by 
25 the cellular response to DNA damage, p53 by stabilization 
and BRCA1 by hyperphosphorylation (Kastan et al . , 1991, 
Cancer Res. 51:6304-6311; Scully et al . , 1997, Cell 
90:425-435). Both proteins can activate expression of 
the cell cycle inhibitor p21 (El-Deiry et al . , 1993, 
30 supra; Example 1) . Because both BRCA1 and p53 are 

implicated in regulation of gene transcription, control 
of cell growth, and response to DNA damage, we sought to 
investigate the possibility of a functional cross-talk 
between these two proteins. The results suggest that 
35 BRCA1 and p53 can physically associate, both in vitro and 
in vivo, and function in a common pathway of tumor 
suppression. The ability of BRCA1 to biochemically 
modulate p53 function suggests that this may be a 
fundamental role of BRCA1 in tumor suppression. It is 
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noteworthy that inherited defects of either p53 or BRCA1 
can lead to the development of breast cancer in humans 
(Malkin et al . , 1990, Science 250:1233-1238; Miki et al . , 
1994, Science 266:66-71). 
5 The results reported in this example reveal 

that BRCA1 is a potent activator of p53 -dependent 
transcription by demonstrating that BRCA1 potentiates 
p53 -activated transcription of the p21 and the Jbax 
promoters. The role of p53 as a transcription factor is 

10 well established (Vogelstein and Kinzler, 1992, Cell 

70:523-526) and appears to be important for its ability 
to arrest cell cycle progression as well as to induce 
apoptosis (Levine, 1997, Cell 88:323-331). BRCA1 has 
been postulated to function as a coactivator of 

15 transcription, based on its localization as a component 
of RNA polymerase II holoenzyme and transactivation 
function (Example 1 and Chapman and Verma, 1996, Nature 
382:678-679; Monteiro et al . , 1996, PNAS 93:13595-13599; 
Scully et al., 1997, PNAS 94:5605-5610). The observation 

20 that BRCA1 is a transcriptional coactivator of p53, 

including strong up-regulation of expression of the Jbax 
gene, provides a novel mechanism for apoptosis induction 
and tumor suppression by BRCA1 . BRCA1 serves a 
co-stimulatory role in p53 -mediated transcription from 

25 p21, suggesting BRCA1 is involved in both p5 3 -dependent 
transcription and p53- independent transcription. This 
finding is consistent with previous data demonstrating 
that p21 can be activated by other p53 independent 
pathways (El Deiry et al . , 1998, Curr. Top. Micro. 

30 Immunol. 227:121-137). 

During gene expression, a complex of 
activators, coactivators, and basal factors are necessary 
to stabilize the interactants and provide transcriptional 



WO 99/50280 PCT/US99/07150 

-51- 

specificity. BRCA1 may link a variety of different DNA 
binding factors such as p53 to the components of the 
basal transcription machinery. Here we show that p53 and 
BRCA1 form a specific protein complex in vitro and in 
5 vivo. An N- terminal segment of BRCA1 exon 11 extending 
from residues 224 to 500 is sufficient for its 
interaction with p53 . Interestingly, exon 11 is deleted 
in several naturally occurring isoforms of BRCA1 (Thakur 
et al, 1997, supra), leading to speculation that the 

10 inability of the BRCA1A exonll mutant to bind to p53 may 
be a regulatory mechanism for BRCA1 . Our finding also 
suggests that BRCA1 binding to p53 may not be mediated by 
RAD51 , RNA polymerase II holoenzyme or BARD1 since they 
bind to different regions on BRCA1 (Scully et al , 1997, 

15 supra; Scully et, al, 1997, Cell 88:265-275; Wu et al, 
1996, Nature Gent. 14:430-440). Post-translational 
modifications of the C-terminus of p53 have been shown to 
play an import role in controlling p53 -specific DNA 
binding (Levine, 1997, Cell 88:323-331) . 

20 Phosphorylation, acetylation, antibody binding, or 

deletion of this region can convert p53 from an inert to 
an active form for DNA binding (Ko and Prives, 1997, 
supra; Gu and Roeder, 1997, Cell 90:595-606). Therefore 
allosteric regulation of p53 by distinct cellular 

25 signaling pathways modulates the conversion between 
latent and activated forms of p53 . Our results show 
BRCA1 binds to the C-terminus of p53 . BRCA1 may activate 
p53 by altering the conformation of p53 through direct 
physical binding and/or modification of the C-terminal 

30 p53. In addition, p53 may be bridged to the basal 
transcriptional machinery by BRCA1 . 

Mutation in the C-terminus of BRCA1, which 
contains its transactivation domain (Chapman and Verma, 
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1996, supra; Monteina et al . , 199, supra), occurs in 
hereditary breast cancer (Couch and Weber, 1994, Human 
Mutation 8:8-18). Such mutants of BRCA1 are defective in 
the ability to activate P 2l WAF1/Cipl (Example 1) . The 
5 results reported in this example indicate that the tumor 
derived BRCA1 mutants carrying point mutations in the 
C-terminus are also defective in stimulation of 
p53 -dependent transcription. Because BRCA1 interaction 
with p53 maps to the N- terminal region of BRCA1, we 

10 predicted that truncated-BRCAl proteins, the most common 
forms found in hereditary breast and ovarian cancer, may 
compete for sites on p53 and perhaps inhibit p53 
function. We found that truncated BRCA1 is a potent 
dominant negative inhibitor of p53 -dependent 

15 transcription, and that this could be reversed by excess 
wild-type BRCA1 . These results would predict a defective 
p53 transcriptional activity in certain cancer cells. 

Although p53 and BRCA1 appear to physically 
interact directly in vitro, we found no evidence for 

2 0 stimulation of BRCA1- dependent transactivation of p21 by 

exogenous p53 in the absence of p53-DNA binding sites. 
BRCA1 could, however, greatly stimulate p53 -dependent 
activation of the bax promoter, in the absence of 
p5 3 -independent activation of this promoter by BRCA1 . 
25 These observations argue that, in vivo, certain DNA 
regulatory elements serve to recruit p53 to certain 
genes. In such situations the presence of p53 protein 
favors the chance for local association with BRCA1 and 
cooperative activation is observed. In our system using 

3 0 either the p21 or bax promoter, the combination of p53 

and BRCA1 leads to more than an additive increase in gene 
expression, but it is not clear whether BRCA1 is required 
for p53 -dependent transcription, because of the lack of 
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availability of BRCAl-null cell lines. The 
BRCA1 - knockout embryos appear to express p21 (Hakem et 
al., 1996, Cell 85:1009-1023) and the current model is 
that this may be due to genomic instability and 
5 subsequent p53 activation (Brugarolas and Jacks, 1997, 
Nature Med. 7:721-722). The dominant negative action of 
truncated BRCA1 on p53 -dependent transcription hints at 
the possibility that BRCA1 may be required for 
p53 -dependent transcription. Our results argue that in 

10 somatic cells, BRCA1 can activate p53 function leading to 
tumor suppression. 

The induction of apoptosis by p53 is critical 
for its tumor suppressor function (Symonds et al . , 1994, 
Cell 78:703-711). The results presented in Table 1 

15 suggest that BRCA1 cooperates with p53 in inducing 

apoptosis. Altogether, our data suggest that BRCA1 acts 
as a coactivator of p53 -driven gene expression and may 
play an important role in cell growth arrest, apoptosis, 
and/or DNA damage repair processes. It has not been 

20 determined if BRCA1 is required for transcription- 
independent p53 action. The possibility that the complex 
of BRCA1 and p53 may directly participate in DNA damage 
recognition and/or repair could not be excluded. In 
summary, we have identified a physical and functional 

25 association between the tumor suppressors p53 and BRCA1, 
linking their biochemical effects to a common pathway of 
tumor suppression. 



The present invention is not limited to the 
30 embodiments described and exemplified above, but is 

capable of variation and modification without departure 
from the scope of the appended claims. 
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We claim: 

1. An isolated nucleic acid molecule 
comprising a region of an upstream promoter of a p21 
gene, that contains an element required for p53- 

5 independent BRCA1 -mediated transactivation of the gene. 

2. The nucleic acid molecule of claim 1, 
wherein the region is located on a human p21 gene between 
the transcription start site and 143 nucleotides 5' of 

10 the transcription start site of the gene. 

3. The nucleic acid molecule of claim 2, 
wherein the region comprises nucleotides 4441-4584 of SEQ 
ID NO: 3. 



15 



20 



25 



4 . An isolated nucleic acid molecule 
comprising a region of an upstream promoter of a p21 
gene, the removal of which is associated with prevention 
of p53- independent transactivation of the gene by BRCA1 . 

5. The nucleic acid molecule of claim 1, 
wherein the region is located on a human p21 gene between 
93 and 143 nucleotides 5' of the transcription start site 
of the gene. 

6. The nucleic acid molecule of claim 2, 
wherein the region comprises nucleotides 4441-4491 of SEQ 
ID NO: 3. 



30 



7. An isolated polypeptide comprising a region 
of a BRCA1 protein that physically interacts with a p53 
protein. 
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8. The polypeptide of claim 7, wherein the 
region resides within amino acid residues 224-500 of a 
human BRCA1 protein. 



5 9. The polypeptide of claim 8, wherein the 

human BRCA1 protein has the amino acid sequence of SEQ ID 
NO:l. 

10. Antibodies immunologically specific for 
10 the polypeptide of claim 7. 

11. An isolated nucleic acid encoding the 
polypeptide of claim 7. 

15 12 . A vector comprising the nucleic acid of 

claim 11. 



13 . An isolated polypeptide comprising a 
region of a p53 protein that physically interacts with a 

2 0 BRCA1 protein. 

14. The polypeptide of claim 13, wherein the 
region resides within amino acid residues 300-395 of a 
human p53 protein. 



25 



15. The polypeptide of claim 4, wherein the 
human BRCA1 protein has the amino acid sequence of SEQ ID 
NO: 2. 



30 16. Antibodies immunologically specific for 

the polypeptide of claim 13. 
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17. An isolated nucleic acid molecule encoding 
the polypeptide of claim 13. 

18. A vector comprising the nucleic acid 
5 molecule of claim 17. 

19. An isolated protein-protein complex 
comprising a p53 protein and a BRCA1 protein. 

10 20. The complex of claim 19, comprising human 

p53 and human BRCA1 . 

21. A method for determining if a test 
compound enhances or interferes with formation of a 
15 complex comprising BRCA1 and p53, which comprises: 

a) providing an assay test mixture comprising 
the BRCA1, the p53 and the test compound; 

b) providing an equivalent assay control 
mixture comprising the BRCA1 and the p53, without the 

2 0 test compound; 

c) subjecting the test mixture and the control 
mixture to conditions known to enable formation of the 
BRCAl-p53 complex in the absence of the test compound; 

d) measuring the amount of BRCAl-p53 complexes 
25 formed, if any, in the test mixture and the control 

mixture ; and 

e) determining if the amount of BRCAl-p53 
complex formed in the test mixture is different from the 
amount of the complex formed in the control mixture, an 

30 increase being indicative of the ability of the test 

compound to enhance formation of the BRCAl-p53 complex 
and a decrease being indicative of the ability of the 
test compound to interfere with formation of the BRCA1- 
p53 complex. 
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22. The method of claim 21, wherein the assay- 
mixtures are cell -free assay mixtures and the BRCA1 and 
p53 proteins are provided as isolated proteins. 

5 

23. The method of claim 21, wherein the assay 
mixtures comprise cells, and the BRCA1 and p53 proteins 
are provided by expression of nucleic acid molecules 
within the cells. 

10 

24. A method for determining if a test 
compound enhances or interferes with p53 -independent 
BRCA1 -mediated transactivation of a p21 gene, which 
comprises : 

15 a) providing a cell line deficient in 

production of endogenous functional BRCA1 and p53, 
comprising at least one heterologous vector expressing 
BRCA1 , said cell further comprising a reporter gene 
operably linked to a p21 promoter containing a region 

20 required for the p53- independent BRCA1 -mediated 

transcription, wherein the reporter gene expresses a 
detectable gene product as a result BRCA1 -mediated 
transactivation of the p21 promoter ; 

b) preparing a culture of the cells; 

25 c) incorporating the test compound into 

the cell culture under conditions permitting expression 
of the heterologous vectors and the reporter gene, and 
BRCA1 -mediated transactivation of the p21 promoter; and 

d) measuring expression of the reporter 

30 gene by detecting the presence or amount, if any, of the 
detectable gene product and comparing the expression to 
an equivalent cell culture in which the test compound was 
not incorporated, an increase in expression of the 
reporter gene in the culture containing the test compound 
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being indicative that the test compound enhances p53- 
independent BRCA1 -mediated transact ivation of the p21 
gene, a decrease in expression of the reporter gene being 
indicative that the test compound interferes with p53- 
5 independent BRCA1 -mediated transact ivation of the p21 
gene . 

25. The method of claim 24, wherein the cells 
lack endogenous functional proteins selected from the 
10 group consisting of BRCA1 and p53 . 



26. A method for determining if a test 
compound enhances or interferes with tumor suppression 
resulting from p5 3 -independent BRCA1 -mediated 
15 transactivation of a p21 gene, which comprises: 

a) providing a tumor cell line comprising 
at least one heterologous vector expressing BRCA1; 

b) preparing a culture of the cells; 

c) incorporating the test compound into 
20 the cell culture under conditions permitting expression 

of the heterologous vector and BRCA1 -mediated 
transactivation of an endogenous p21 gene; and 

d) determining proliferation of the cell 
culture and comparing it to proliferation of an 

25 equivalent cell culture in which the test compound was 

not incorporated, an increase in the proliferation of the 
culture containing the test compound being indicative 
that the test compound interferes with tumor suppression, 
a decrease in the proliferation of the culture containing 

30 the test compound being indicative that the test compound 
enhances tumor suppression. 



35 



27. The method of claim 26, wherein the cells 
lack endogenous functional proteins selected from the 
group consisting of BRCA1 and p53. 
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28. The method of claim 26, wherein the 
proliferation rate is measured by measuring DNA synthesis 
in the cultured cells. 

5 

29. A method for determining if a test 
compound enhances or interferes with p53 -dependent BRCA1 - 
mediated transactivation of a gene, which comprises: 

a) providing a cell line comprising at 
10 least one heterologous vector expressing BRCA1 and p53, 

said cell further comprising a reporter gene operably 
linked to a promoter of a gene comprising sequences 
enabling p53 -dependent BRCA1 -mediated transactivation of 
the gene, wherein the reporter gene expresses a 
15 detectable gene product as a result BRCA1 -mediated 
transactivation of the p21 promoter; 

b) preparing a culture of the cells; 

c) incorporating the test compound into 
the cell culture under conditions permitting expression 

20 of the heterologous vectors, reporter gene and p53- 

dependent BRCA1 -mediated transactivation of the promoter; 
and 

d) measuring expression of the reporter 
gene by detecting the presence or amount, if any, of the 

25 detectable gene product and comparing the expression to 

an equivalent cell culture in which the test compound was 
not incorporated, an increase in expression of the 
reporter gene in the culture containing the test compound 
being indicative that the test compound enhances p53- 

3 0 dependent BRCA1 -mediated transactivation of the gene, a 
decrease in expression of the reporter gene being 
indicative that the test compound interferes with p53- 
dependent BRCA1 -mediated transactivation of the gene. 
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30. The method of claim 29, wherein the cells 
lack endogenous functional proteins selected from the 
group consisting of BRCA1 and p53 . 

5 31. A method for determining if a test 

compound enhances or interferes with tumor suppression 
resulting from p53 -dependent BRCA1 -mediated 
transact ivation of a tumor suppressor gene, which 
comprises : 

10 a) providing a tumor cell line comprising 

at least one heterologous vector expressing BRCA1 and 
p53; 

b) preparing a culture of the cells; 

c) incorporating the test compound into 
15 the cell culture under conditions permitting expression 

of the heterologous vectors and p53 -dependent BRCA1 - 
mediated transactivation of the gene; and 

d) determining proliferation of the cell 
culture and comparing it to proliferation of an 

2 0 equivalent cell culture in which the test compound was 

not incorporated, an increase in the proliferation of the 
culture containing the test compound being indicative 
that the test compound interferes with tumor suppression, 
a decrease in the proliferation of the culture containing 

25 the test compound being indicative that the test compound 
enhances tumor suppression. 

32. The method of claim 31, wherein the cells 
lack endogenous functional proteins selected from the 
30 group consisting of BRCA1 and p53 . 



33. The method of claim 31, wherein the gene 
is selected from the group consisting of bax and p21. 
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34. The method of claim 31, wherein the 
proliferation is determined by measuring DNA synthesis in 
the cultured cells. 

5 35. The method of claim 31, wherein the 

proliferation is determined by measuring apoptosis in the 
cultured cells. 

36. A kit for performing the method of claim 
10 21, comprising a container containing at least one 

biological molecule selected from the group consisting of 
BRCA1 protein, p53 protein, an expressible nucleic acid 
molecule encoding BRCA1, an expressible nucleic acid 
molecule encoding p53, and a reporter gene. 

15 

37. A kit for performing the method of claim 
24, comprising a container containing at least one 
biological molecule selected from the group consisting of 
an expressible vector encoding BRCA1, and the reporter 

20 gene. 

38. The kit of claim 37, which further 
comprises the tumor cell line. 

25 39. A kit for performing the method of claim 

26, which comprises a container containing an expressible 
vector encoding BRCA1. 

40. The kit of claim 39, which further 
30 comprises the tumor cell line. 

41. A kit for performing the method of claim 
29, comprising a container containing at least one 
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biological molecule selected from the group consisting of 
an expressible vector encoding BRCA1, an expressible 
vector encoding p53, and the reporter gene. 

5 42. The kit of claim 41 , which further 

comprises the tumor cell line. 

43 . A kit for performing the method of claim 
31, which comprises a container containing an expressible 

10 vector encoding BRCA1 and an expressible vector encoding 
p53. 

44. The kit of claim 43, which further 
comprises the tumor cell line. 

15 

45. A method for diagnosing a subject's 
predisposition for developing a tumor, comprising 
detecting defects in the subject's BRCA1 genes, BRCA1 
proteins or p21 promoters that result in reduction or 

2 0 prevention of p53- independent BRCA1 -mediated 
transact ivat ion of the subject's p21 genes. 

46. A method for diagnosing a subject's 
predisposition for developing a tumor, comprising 

25 detecting defects in the subject's BRCA1 genes, BRCA1 

proteins, p53 genes, p53 proteins, or promoters of tumor 
suppressor genes co-activated by BRCA1 and p53, that 
result in reduction or prevention of p53 -dependent BRCA1 - 
mediated transactivation of the tumor suppressor genes. 

30 

47. A method for enhancing tumor suppression 
which comprises increasing p53 -dependent or -independent 
BRCA1 -mediated transactivation of at least one tumor 
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suppressor gene in tumor cells. 

48. A method for increasing proliferation of 
cells, which comprises decreasing p53 -dependent or - 
5 independent BRCA1 -mediated transact ivat ion of at least 
one tumor suppressor gene in the cells. 
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SEQUENCE LISTING 

<110> The Trustees of the University of Pennsylvania 
5 El-Deiry, W.S. 

Weber, B.L. 

<120> Compositions and Methods for Controlling 

BCRA1 -mediated p53 -Dependent and -Independent Regulation of 
10 Transcription 

<130> Penn K-1825 

<150> 60/080,146 
15 <151> 1998-03-31 

<160> 33 

<170> FastSEQ for Windows Version 3.0 



20 



25 



30 



<210> 1 
<211> 1863 
<212> PRT 

<213> Homo sapiens 
<220> 

<221> BINDING 
<222> (224) . . . (500) 

<223> /note="Binding site of p53 protein" 



<300> 

<301> Smith, T.M. et al . , 

<3 02> Complete genomic seq. and analysis of 117 kb of hu 

<3 03> Genome Research 
35 <304> 6 

<305> 11 

<306> 1029-1049 

<307> 1996-01-01 

<308> Genbank L78833 
40 <309> 1996-12-04 
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Asn Arg Leu Arg Arg Lys Ser Ser Thr Arg His He His Ala Leu Glu 

610 615 620 

Leu Val Val Ser Arg Asn Leu Ser Pro Pro Asn Cys Thr Glu Leu Gin 
625 630 635 640 

5 He Asp Ser Cys Ser Ser Ser Glu Glu He Lys Lys Lys Lys Tyr Asn 

645 650 655 

Gin Met Pro Val Arg His Ser Arg Asn Leu Gin Leu Met Glu Gly Lys 

660 665 670 

Glu Pro Ala Thr Gly Ala Lys Lys Ser Asn Lys Pro Asn Glu Gin Thr 
10 675 .680 685 

Ser Lys Arg His Asp Ser Asp Thr Phe Pro Glu Leu Lys Leu Thr Asn 

690 695 700 

Ala Pro Gly Ser Phe Thr Lys Cys Ser Asn Thr Ser Glu Leu Lys Glu 
705 710 715 720 

15 Phe Val Asn Pro Ser Leu Pro Arg Glu Glu Lys Glu Glu Lys Leu Glu 

725 730 735 

Thr Val Lys Val Ser Asn Asn Ala Glu Asp Pro Lys Asp Leu Met Leu 

740 745 750 

Ser Gly Glu Arg Val Leu Gin Thr Glu Arg Ser Val Glu Ser Ser Ser 
20 755 760 765 

He Ser Leu Val Pro Gly Thr Asp Tyr Gly Thr Gin Glu Ser He Ser 

770 775 780 

Leu Leu Glu Val Ser Thr Leu Gly Lys Ala Lys Thr Glu Pro Asn Lys 
785 790 795 800 

25 Cys Val Ser Gin Cys Ala Ala Phe Glu Asn Pro Lys Gly Leu He His 

805 810 815 

Gly Cys Ser Lys Asp Asn Arg Asn Asp Thr Glu Gly Phe Lys Tyr Pro 

820 825 830 

Leu Gly His Glu Val Asn His Ser Arg Glu Thr Ser He Glu Met Glu 
30 835 840 845 

Glu Ser Glu Leu Asp Ala Gin Tyr Leu Gin Asn Thr Phe Lys Val Ser 

850 855 860 

Lys Arg Gin Ser Phe Ala Pro Phe Ser Asn Pro Gly Asn Ala Glu Glu 
865 870 875 880 

35 Glu Cys Ala Thr Phe Ser Ala His Ser Gly Ser Leu Lys Lys Gin Ser 

885 890 895 

Pro Lys Val Thr Phe Glu Cys Glu Gin Lys Glu Glu Asn Gin Gly Lys 

900 905 910 

Asn Glu Ser Asn He Lys Pro Val Gin Thr Val Asn He Thr Ala Gly 
40 915 920 925 

Phe Pro Val Val Gly Gin Lys Asp Lys Pro Val Asp Asn Ala Lys Cys 

93 0 935 940 

Ser He Lys Gly Gly Ser Arg Phe Cys Leu Ser Ser Gin Phe Arg Gly 
945 950 955 960 

45 Asn Glu Thr Gly Leu He Thr Pro Asn Lys His Gly Leu Leu Gin Asn 

965 970 975 

Pro Tyr Arg He Pro Pro Leu Phe Pro He Lys Ser Phe Val Lys Thr 

980 985 990 

Lys Cys Lys Lys Asn Leu Leu Glu Glu Asn Phe Glu Glu His Ser Met 
50 995 1000 1005 

Ser Pro Glu Arg Glu Met Gly Asn Glu Asn He Pro Ser Thr Val Ser 

1010 1015 1020 

Thr He Ser Arg Asn Asn He Arg Glu Asn Val Phe Lys Glu Ala Ser 
1025 1030 1035 1040 

55 Ser Ser Asn He Asn Glu Val Gly Ser Ser Thr Asn Glu Val Gly Ser 

1045 1050 1055 

Ser He Asn Glu He Gly Ser Ser Asp Glu Asn He Gin Ala Glu Leu 

1060 1065 1070 

Gly Arg Asn Arg Gly Pro Lys Leu Asn Ala Met Leu Arg Leu Gly Val 
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1075 1080 1085 

Leu Gin Pro Glu Val Tyr Lys Gin Ser Leu Pro Gly Ser Asn Cys Lys 

1090 1095 1100 

His Pro Glu lie Lys Lys Gin Glu Tyr Glu Glu Val Val Gin Thr Val 
5 1105 1110 1115 1120 

Asn Thr Asp Phe Ser Pro Tyr Leu lie Ser Asp Asn Leu Glu Gin Pro 

1125 1130 " 1135 

Met Gly Ser Ser His Ala Ser Gin Val Cys Ser Glu Thr Pro Asp Asp 
1140 1145 1150 

10 Leu Leu Asp Asp Gly Glu lie Lys Glu Asp Thr Ser Phe Ala Glu Asn 
1155 1160 1165 

Asp lie Lys Glu Ser Ser Ala Val Phe Ser Lys Ser Val Gin Lys Gly 

1170 1175 1180 

Glu Leu Ser Arg Ser Pro Ser Pro Phe Thr His Thr His Leu Ala Gin 
15 1185 1190 1195 1200 

Gly Tyr Arg Arg Gly Ala Lys Lys Leu Glu Ser Ser Glu Glu Asn Leu 

1205 1210 1215 

Ser Ser Glu Asp Glu Glu Leu Pro Cys Phe Gin His Leu Leu Phe Gly 
1220 1225 1230 

20 Lys Val Asn Asn lie Pro Ser Gin Ser Thr Arg His Ser Thr Val Ala 
1235 1240 1245 

Thr Glu Cys Leu Ser Lys Asn Thr Glu Glu Asn Leu Leu Ser Leu Lys 

1250 1255 1260 

Asn Ser Leu Asn Asp Cys Ser Asn Gin Val lie Leu Ala Lys Ala Ser 
25 1265 1270 1275 1280 

Gin Glu His His Leu Ser Glu Glu Thr Lys Cys Ser Ala Ser Leu Phe 

1285 1290 1295 

Ser Ser Gin Cys Ser Glu Leu Glu Asp Leu Thr Ala Asn Thr Asn Thr 
1300 1305 1310 

3 0 Gin Asp Pro Phe Leu lie Gly Ser Ser Lys Gin Met Arg His Gin Ser 

1315 1320 1325 

Glu Ser Gin Gly Val Gly Leu Ser Asp Lys Glu Leu Val Ser Asp Asp 

1330 1335 1340 

Glu Glu Arg Gly Thr Gly Leu Glu Glu Asn Asn Gin Glu Glu Gin Ser 
35 1345 1350 1355 1360 

Met Asp Ser Asn Leu Gly Glu Ala Ala Ser Gly Cys Glu Ser Glu Thr 

1365 1370 1375 

Ser Val Ser Glu Asp Cys Ser Gly Leu Ser Ser Gin Ser Asp lie Leu 
1380 1385 1390 

4 0 Thr Thr Gin Gin Arg Asp Thr Met Gin His Asn Leu lie Lys Leu Gin 

1395 1400 1405 

Gin Glu Met Ala Glu Leu Glu Ala Val Leu Glu Gin His Gly Ser Gin 

1410 1415 1420 

Pro Ser Asn Ser Tyr Pro Ser lie lie Ser Asp Ser Ser Ala Leu Glu 
45 1425 1430 1435 1440 

Asp Leu Arg Asn Pro Glu Gin Ser Thr Ser Glu Lys Ala Val Leu Thr 

1445 1450 1455 

Ser Gin Lys Ser Ser Glu Tyr Pro lie Ser Gin Asn Pro Glu Gly Leu 
1460 1465 1470 

50 Ser Ala Asp Lys Phe Glu Val Ser Ala Asp Ser Ser Thr Ser Lys Asn 
1475 1480 1485 

Lys Glu Pro Gly Val Glu Arg Ser Ser Pro Ser Lys Cys Pro Ser Leu 

1490 1495 1500 

Asp Asp Arg Trp Tyr Met His Ser Cys Ser Gly Ser Leu Gin Asn Arg 
55 1505 1510 1515 1520 

Asn Tyr Pro Ser Gin Glu Glu Leu lie Lys Val Val Asp Val Glu Glu 

1525 1530 1535 

Gin Gin Leu Glu Glu Ser Gly Pro His Asp Leu Thr Glu Thr Ser Tyr 
1540 1545 1550 
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Leu Pro Arg Gin Asp Leu Glu Gly Thr Pro Tyr Leu Glu Ser Gly lie 

1555 1560 1565 

Ser Leu Phe Ser Asp Asp Pro Glu Ser Asp Pro Ser Glu Asp Arg Ala 
1570 1575 1580 

5 Pro Glu Ser Ala Arg Val Gly Asn lie Pro Ser Ser Thr Ser Ala Leu 
1585 1590 1595 1600 

Lys Val Pro Gin Leu Lys Val Ala Glu Ser Ala Gin Ser Pro Ala Ala 

1605 1610 1615 

Ala His Thr Thr Asp Thr Ala Gly Tyr Asn Ala Met Glu Glu Ser Val 
10 1620 1625 1630 

Ser Arg Glu Lys Pro Glu Leu Thr Ala Ser Thr Glu Arg Val Asn Lys 

1635 1640 1645 

Arg Met Ser Met Val Val Ser Gly Leu Thr Pro Glu Glu Phe Met Leu 
1650 1655 1660 

15 Val Tyr Lys Phe Ala Arg Lys His His lie Thr Leu Thr Asn Leu lie 
1665 1670 1675 1680 

Thr Glu Glu Thr Thr His Val Val Met Lys Thr Asp Ala Glu Phe Val 

1685 1690 1695 

Cys Glu Arg Thr Leu Lys Tyr Phe Leu Gly lie Ala Gly Gly Lys Trp 
20 1700 1705 1710 

Val Val Ser Tyr Phe Trp Val Thr Gin Ser He Lys Glu Arg Lys Met 

1715 1720 1725 

Leu Asn Glu His Asp Phe Glu Val Arg Gly Asp Val Val Asn Gly Arg 
1730 1735 1740 

25 Asn His Gin Gly Pro Lys Arg Ala Arg Glu Ser Gin Asp Arg Lys He 
1745 1750 1755 1760 

Phe Arg Gly Leu Glu He Cys Cys Tyr Gly Pro Phe Thr Asn Met Pro 

1765 1770 1775 

Thr Asp Gin Leu Glu Trp Met Val Gin Leu Cys Gly Ala Ser Val Val 
30 1780 1785 1790 

Lys Glu Leu Ser Ser Phe Thr Leu Gly Thr Gly Val His Pro He Val 

1795 1800 1805 

Val Val Gin Pro Asp Ala Trp Thr Glu Asp Asn Gly Phe His Ala He 
1810 1815 1820 

35 Gly Gin Met Cys Glu Ala Pro Val Val Thr Arg Glu Trp Val Leu Asp 
1825 1830 1835 1840 

Ser Val Ala Leu Tyr Gin Cys Gin Glu Leu Asp Thr Tyr Leu He Pro 

1845 1850 1855 

Gin He Pro His Ser His Tyr 
40 1860 
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25 <400> 3 

ggatccctgt agagatgctc aggctgctga ggagggcgcg gtgcttggtc tctatgaata 60 

cgatgaccta aagcaaaaaa agaagatggc tatgtcggtg aagctctatg gaactgggga 120 

tcaggaggcc tggcagaaag gagtcctgtt tgcttctggg cagaacttgg catgatggag 180 

acgccagcca gcgagatgat gccaaccaga tttgccgaaa ttattgagaa gaatctcaaa 24 0 

30 agccgctagt agtaaaccga gtttcatatc agacccaggt cttggattga ggaacaggca 300 

atgggatcat tcctcagtgt ggccaaagga tctgacgagc cctcagtctt cttggaaatt 360 

cactacatag gcagccccaa tgcagacaaa ccaccccttg tttgttggga aaggaattac 42 0 

ctttgacagt ggtggtatct ccatcaaggc ttctgcaaat atggacctca tgagggccga 480 

catgggagga gctacaacta tatgctcagc cattgtgtct gctgcaaatc tcagtttgcc 540 

35 cattaatatt ataggtctgg cccctctgtg aaaacatgcc cagcggcaag gccaacaagc 600 

tggggatgtt gttagagcca ggaacaggaa gaccatccag gttggtaaca ctgatgctga 660 

ggggaggctc atactggctg atgcgctctg ttacgtgcac acatttaacc cgaaggtcat 720 

cctcaatgcc accaccttaa caggtgtcat agatgtagct ttggggtcag gtgccactgg 780 

ggtctttacc aattcatcct ggctctggaa caagctcttc gaggccagca ttgaaacagg 84 0 

40 ggaccgtgtc tggaggatgc ctctcttcaa acattgtaca agacaggttg tagattgcca 900 

gctggctgat gttaacaaca ttggaaaata tagatctgcg ggagcatgta catctgcggc 960 

attcctgaaa gaattcgtga ctcatcctaa gtgggcacat ttagacatag caggtgtgat 102 0 

gaccaacaaa gatgaggttc cctatctatg gaaaggcatg accgggaggc ccacaaggac 1080 

tctcatagag ttcttacttc gtttcagtca agacaatgct tagttcagat actcaaaaaa 114 0 

45 tgtcttcact ctgtcttaaa ttggacagtt gaagttaaaa ggtttttgaa tgaatggatg 1200 

aaaatatttt aaaggaggca atttatattt aaaaatgtag aacacaatga aatttttatg 1260 

ccttgatttt tttttcattt tacacaaaga tttatatatt ttttttttga gacggagtct 1320 

cactctgtca cccaggctgg agtgcaggtg gcatgatctc agctcactgc aacctccgcc 13 80 

tcctaggttc aagcgattct cccacctcag ccacctgaat acctgggact acaggtgccc 144 0 

50 accaccatgc ccggctgatt tttgtatttt taatggagac ggggtttcac catattggcc 1500 

aggctggtct caaaactcct gaccctgtga tctgcccgcc tcggcctccc aaagtgctgg 1560 

gattacaggc gtaaaccacc acgcccggcc agtatatatt tttaattgag aagcaaaatt 1620 

gtacttcaga tttgtgatgc taggaacatg agcaaactga aaattactaa ccacttgtca 1680 

gaaacaataa atccaacttt ttgtgcaaaa aaaaaaaata caaatattag ctgggcatgg 174 0 

55 tggtgcatgc ctgtaatccc agctactcgg gaggctgagg cagaattgct tgaacctggg 1800 

aggcggagac tgcagtgagc tgagattgtg ccactgctga ctttgtctca aaaaacaaaa 1860 

caaaacaaaa aaacaaaatg aaaacaaaaa gccagggctg cctctgctca ataatgttct 1920 

atctttgttc cgcctcttct ctggggtctc acttcttggg agcctgtgtg aaggtgaatt 1980 

cctctgaaag ctgactgccc ctatttggga ctccccagtc tctttctgag aaatggtgac 2 04 0 



WO 99/50280 



8 - 



PCT/US99/07150 



attgttccca gcacttcctc tcccttccta 
ctcacatcct ccttcttcag gcttgggctt 
tgctccaccg cactctgggg agggggctgg 
tccctccatc cctatgctgc ctgcttccca 
5 tgattggctt tctggccatc aggaacatgt 
gctggtggct attttgtcct tgggctgcct 
caggagacct ctaaagaccc caggtaaacc 
tctgccagca ggatccttgc gacagggctg 
tgtgctggga gtcagattct gtgtgtgact 

10 ggcagaagtc ctcccttaga gtgtgtctgg 
ttttttttaa agcactgaat agtactagac 
tcgtggtggt ggtgagctag aagttataaa 
agaattattt cattgtgaag ctcagtacca 
cctttattaa aaaaaatttt ctccccaaag 

15 aaatgcctga aagcagaggg gcttcaaggc 
catttgacaa ccagcccttt ggatggtttg 
tggggcttag agtggggtcc tgaggctgtg 
ctggcctgac tccagggcga ggcaggccaa 
acctgggctc ccatccccac agcagaggag 

20 cgttagagga agaagactgg gcatgtctgg 
gatgtcagta attgtagctg ctccaagcct 
agatgaacaa tccatcctct gcaatttttt 
gaaaggaggc aaaggtgaag tccaggggag 
agacacatca ctcatttctg tgtctgtcag 

25 . tttatttatg tcatctccat aaaccatctg 
tttggaacca cagaaataaa ggatgacaag 
tgtgttccaa ctatagtcat ttctttgctg 
tgagccccag tttccccagc agtgtatacg 
aactcactcg tcaaatcctc cccttcctgg 

30 cttctgttca ggtgagtgta gggtgtaggg 
ccctggagat caggttgccc ttttttggta 
tgtgacaatc aacaactttg tatacttaag 
aataaacggg actgaaaaat cattctggcc 
tccaggtgct tctgggagag gtgacctagt 

35 tggggctttt ctggaaattg cagagaggtg 
tattaatgtc atcctcctga tcttttcagc 
gggtcagcgg tgagccagaa agggggctca 
gccaactcat tctccaagta aaaaaagcca 
tccagcgcac caacgcaggc gagggactgg 

40 cgaggttccg ggaccggctg gcctgctgga 
gcagccagga gcctgggccc cggggagggc 
ggtcgcctcc ttgaggcggg cccgggcggg 
cgccagctga ggtgtgagca gctgccgaag 
ggattcgccg aggcaccgag gcactcagag 

45 gaccccgggc cggcggccca gagccgagcc 
gcgaggatgc gtgttcgcgg gtgtgtgctg 
gacgggcgtg ggtcggtgcg cgctcggctt 
acgagggtcg ggatgtgccg gagaccccgg 
cctggccacg ctccccgccc ctggaaaccc 

50 cgttctggga gctcgccttt ggctgcggtt 
ggcgtgggga tgaagtccgt gtccctggag 
gagtaagttc gtctaggatc ggtcccgggt 



ggcagcttct gcagccacca ctgagccttc 2100 

tccacctttc accattcccc taccccatgc 2160 

actgggcact cttgtccccc aggctgagcc 222 0 

ggaacatgct tgggcagcag gctgtggctc 22 80 

cccaacatgt tgagctctgg catagaagag 234 0 

gttttcaggg aggaagggga tggtaggaga 2400 

ttagcctctt actctgaaca gggtatgtga 2460 

ggatctgatg catgtgtgct tgtgtgagtg 2520 

tttaacagcc tgctcccttg ccttcttcag 2580 

gtacacattc aagtgcatgg ttgcaaactt 264 0 

acttagtagg tacttaagaa atattgaatg 2700 

aaaaattctt tcccaaaaac aacaacaaaa 2760 

caaaaattca ttacaataat tcattacaag 2820 

taaacagaca gacaatgtct agtctatttg 2880 

agtgggagaa ggtgcctgtc ctctgctgga 2 940 

tatgtatagg agcgaaggtg cagacagcag 3000 

ctgtggccct tctggggttt agccacaatc 3060 

gggggtctgc tgctgtgtcc tcccacccct 3120 

aaagaagcct gtcctccccg aggtcagctg 3180 

gcagagattt ccagactctg agcagcctga 3240 

gggttctgtt tttcagtggg atttctgttc 33 00 

aaaagcaaaa ctgcaaatgt ttcaggcaca 3360 

gtcaggggtg tgaggtagat gggagcggat 3420 

aagaaccagt agacacttcc agaattgtcc 3480 

caaatgaggg ttatttggca tttttgtcat 3540 

cagagagccc cgggcaggag gcaaaagtcc 3600 

catgatctga gttaggtcac cagacttctc 3660 

ggctatgtgg ggagtattca ggagacagac 3720 

ccaacaaagc tgctgcaacc acaggggttt 3780 

agattggttc aatgtccaat tcttctgttt 3840 

gtctctccaa ttccctcctt cccggaagca 3900 

ttcagtggac ctcaatttcc tcatctgtga 3960 

tcaagatgct ttgttggggt gtctaggtgc 402 0 

gagggatcag tgggaataga ggtgatattg 4 080 

catcgttttt ataatttatg aatttttatg 4140 

tgcattgggt aaatccttgc ctgccagagt 4200 

ttctaacagt gctgtgtcct cctggagagt 4260 

gatttgtggc tcacttcgtg gggaaatgtg 4320 

999 a ggaggg aagtgccctc ctgcagcacg 43 80 

actcggccag gctcagctgc tccgcgctgg 444 0 

ggtcccgggc ggcgcggtgg gccgagcgcg 4500 

gcggttgtat atcagggccg cgctgagctg 4560 

tcagttcctt gtggagccgg agctgggcgc 4620 

gaggtgagag agcggcggca gacaacaggg 4680 

aagcgtgccc gcgtgtgtcc ctgcgtgtcc 4740 

cgttcacagg tgtttctgcg gcaggtgaat 4 800 

gcgcacacgg tgtctctaag tgcgcgggtg 4 860 

gcggagagcg ggattacaag tacaggaatc 4 92 0 

agctggggcg agggagggcg tggacgggac 4 980 

ggctccaggc cccaggcgca gtttgctcgc 504 0 

gggcccagga agggcgagga aagcggagtg 5100 

ggctctggga tec 514 3 



55 

<210> 4 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Sequence source : /note="Synthetic construct" 
<400> 4 

5 gcaagcttgc caccatggat ttatctgctc ttcgc 

<210> 5 
<211> 21 
<212> DNA 

10 <213> Artificial Sequence 

<220> 

<223> Sequence source : /note=" Synthetic construct" 

15 <400> 5 

ttgtgagggg acgctcttgt a 

<210> 6 
<211> 21 
20 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Sequence source : /note=" Synthetic construct" 

25 

<400> 6 
aggagatgtg gtcaatggaa g 

<210> 7 

30 <211> 50 

<212> DNA 

<213> Artificial Sequence 
<220> 

35 <223> Sequence source : /note= "Synthetic construct" 

<400> 7 

tatcatgatg taggtctcct tttacgcttt aatttattgt agtggctgtg 

40 <210> 8 

<211> 30 
<212> DNA 

<213> Artificial Sequence 

45 <220> 

<223> Sequence source : /note=" Synthetic construct" 

<400> 8 

aagcttgcca ccatggagga gccgcagtca 

50 

<210> 9 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

55 

<220> 

<223> Sequence source : /note=" Synthetic construct" 



<400> 9 
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atgcggccgc tcagtctgag tcag 

<210> 10 

<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source : /note=" Synthetic construct" 

<400> 10 

taagcttgcc accatggctg cttgtgaatt t 

<210> 11 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source : /note=" Synthetic construct" 

<400> 11 
actcgagtca taagtttgaa tccat 

<210> 12 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source : /note="Synthetic construct" 
<400> 12 

gcaagcttgc caccatggat ttatctgctc ttcgc 

<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source ; /note= "Synthetic construct" 

<400> 13 
ggagcccact tcattagtac 

<210> 14 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source : /note= "Synthetic construct" 
<400> 14 

gcaagcttgc caccatggat ttatctgctc ttcgc 

<210> 15 
<211> 23 
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<212> DNA 

<213> Artificial Sequence 
<220> 

5 <223> Sequence source : /not e= M Synthetic construct" 

<400> 15 

acctgtgtca agctgaaaag cac 23 

10 <210> 16 

<211> 30 
<212> DNA 

<213> Artificial Sequence 

15 <220> 

<223> Sequence source : /note=" Synthetic construct" 



20 



25 



50 



<400> 16 

aagcttgcca ccatgtgtgc ttttcagctt 30 

<210> 17 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source : /not e=" Synthetic construct" 



<400> 17 

3 0 tctcgagtca atttgtgagg ggacg 25 

<210> 18 
<211> 31 
<212> DNA 

35 <213> Artificial Sequence 

<220> 

<223> Sequence source : /note=" Synthetic construct" 

40 <400> 18 

taagcttgcc accatggctg cttgtgaatt t 31 

<210> 19 
<211> 25 
45 <212> DNA 

<213> Artificial Sequence 



<220> 

<223> Sequence source : /note=" Synthetic construct" 
<400> 19 

tctcgagtca atttgtgagg ggacg 25 



<210> 20 
55 <211> 27 

<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Sequence source : /note= "Synthetic construct" 

<400> 20 
gtcgaattcg aggagccgca gtcagat 

<210> 21 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source : /not e=" Synthetic construct" 

<400> 21 
atgcggccgc tcagtctgag tcag 

<210> 22 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22 3> Sequence source : /note=" Synthetic construct" 

<400> 22 
gtcgaattcg aggagccgca gtcagat 

<210> 23 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source : /note=" Synthetic construct" 

<400> 23 
atgcggccgc caaatcatcc attgc 

<210> 24 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source : /note=" Synthetic construct" 

<400> 24 
gtcgaattcg aggagccgca gtcagat 

<210> 25 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Sequence source :/note=" Synthetic construct" 

<400> 25 
tactcgagat ttccttccac tcggat 
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<210> 26 
<211> 23 
<212> DNA 

<213> Artificial Sequence 

5 

<220> 

<223> Sequence source : /note= "Synthetic construct" 
<400> 26 

10 atgaattcca gaaaacctac cag 23 

<210> 27 

<211> 22 

<212> DNA 

15 <213> Artificial Sequence 

<220> 

<223> Sequence source : /note= "Synthetic construct" 

20 <400> 27 

tactcgaggg cagctcgtgg tg 22 

<210> 28 
<211> 26 
25 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Sequence source : /note=" Synthetic construct" 

30 

<400> 28 

atgaattctt gcgtgtggag tatttg 26 

<210> 29 
35 <211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

40 <223> Sequence source : /note=" Synthetic construct" 

<400> 29 

atgcggccgc tcagtctgag tcag 24 

45 <210> 30 

<211> 23 
<212> DNA 

<213> Artificial Sequence 

50 <220> 

<223> Sequence source : /note="Synthetic construct" 

<400> 30 

atgaattccc cccagggagc act 23 

55 

<210> 31 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<22 3> Sequence source : /note= "Synthetic construct" 
<400> 31 

5 tgcggccgct cagtctgagt cag 23 



<210> 32 
<211> 22 
<212> DNA 
10 <213> Artificial 



Sequence 



<220> 

<223> Sequence source : /note=" Synthetic construct" 

15 <400> 32 

agaattctgt gcttttcagc tt 22 



<210> 33 
<211> 25 
20 <212> DNA 

<213> Artificial 



Sequence 



<220> 

<223> Sequence source : /note=" Synthetic construct" 

25 

<400> 33 

tctcgagtca atttgtgagg ggacg 25 



30 
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Please See Extra Sheet. 



1 . | I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. j | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3 . | x| As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 
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4. | | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search 
fees must be paid. 

Group I, claim(s) 1-6, drawn to an isolated nucleic acid molecule comprising a region of an upstream pro motor of a 
p21 gene which contains an element required for p5 3- independent BRCAI -mediated transactivation of the gene. 
Group II, claim(s) 7-9, drawn to an isolated polypeptide comprising a region of BRCAI protein. 
Group III, claim(s) 10, drawn to an antibody specific for BRCAI protein. 

Group IV, claim(s) 11-12, drawn to an isolated nucleic acid encoding BRCAI protein and a vector comprising said 
nucleic acid. 

Group V, claim(s) 13-14, drawn to an isolated polypeptide comprising a region of p53. 
Group VI, claim(s) 16, drawn to an antibody specific for p53. 

Group VII, claim(s)17-18, drawn to a nucleic acid molecule encoding p53 and a vector comprising said nucleic acid. 
Group VIII, claim(s) 19-20, drawn to an isolated protein-protein complex comprising p53 and BRCAI. 
Group IX, claim(s) 21-23 and 36, drawn to a method of determining if a test compound modulates the formation of a 
complex comprising BRCAI and p53. 

Group X, claim(s)24, 25, 37 and 38, drawn to a method for determining if a test compound enhances or interferes with 
p53-independent BRCAl-mediated transactivation of a p21 gene. 

Group XI, claim(s) 26-28 and 39-40, drawn to a method for determining if a test compound modulates tumor 
suppression resulting from p53- independent BRCAl-mediated transactivation of a p21 gene. 

Group XII, claim(s) 29-30 and 41-42, drawn to a method for determining if a test compound modulates p53- independent 
BRCAl-mediated transactivation of a gene. 

Group XIII, claim(s)31-35 and 43-44, drawn to a method for determining if a test compound modulates tumor 
suppression resulting from p53-dependent BRCAl-mediated transactivation of a tumor suppressor gene. 
Group XIV, claim(s) 45-46, drawn to a method for diagnosing predisposition for developing a tumor. 
Group XV, claim(s) 47, drawn to a method for enhancing tumor suppression. 
Group XVI, claim 48, drawn to a method for increasing cell proliferation. 

This application contains claims directed to more than one species of the generic invention. These species are deemed 
to lack Unity of Invention because they are not so linked as to form a single inventive concept under PCT Rule 13.1. 
In order for more than one species to be searched, the appropriate additional search fees must be paid. The species are 
as follows: 

Group XTV 

Species A, Claims 45 and 46, a method for diagnosing predisposition for developing a tumor comprising detecting 
defects in the subjects BRCAI genes. 

Species B, Claims 45 and 46, a method for diagnosing predisposition for developing a tumor comprising detecting 
defects in the subjects BRCAI proteins. 

Species C, Claims 45 and 46, a method for diagnosing predisposition for developing a tumor comprising detecting 
defects in the subjects p21 promoters. 

Species D, Claim 46, a method for diagnosing predisposition for developing a tumor comprising detecting defects in the 
subjects p53 genes. 

Species E, Claim 46, a method for diagnosing predisposition for developing a tumor comprising detecting defects in the 
subjects p53 proteins. 
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The inventions listed as Groups 1-XVI do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features Tor the following reasons: 

The technical feature linking groups I-XVI appears to be an isolated nucleic acid molecule comprising a region of an 
upstream promoter of a p21 gene that contains an element required for p53-independent BRCA1 -mediated 
transact! vation of the gene, wherein the region comprises nucleotides 4441-4591 of SEQ ID NO:3. 

However, El-Dciry et al(HSU24170), Gcnbank Sequence Database (Accession U24170), National Center for 
Biotechnology Information, National Library of Medicine, Bethesda, Maryland, publicly available 20 July 1995 teaches 
an isolated nucleic acid molecule which has 100% identity to SEQ ID NO:3. 

Therefore, the technical feature linking Groups I-XVI is not considered to be a special technical feature as defined by 
PCT Rule 13.2 as it does not define a contribution over the prior art. 

Hie special technical feature of Group I is considered to be an isolated nucleic acid molecule comprising a p53- 
independent p21 promoter. 

The special technical feature of Group II is considered to be a BRAC1 protein. 

The special technical feature of Group III is considered to be an antibody specific for BRAC1. 

The special technical feature of Group IV is considered to be a nucleic acid encoding BRAC1. 

The special technical feature of Group V is considered to be a p53 protein. 

The special technical feature of Group VI is considered to be an antibody specific for p53. 

The special technical feature of Group VII is considered to be a nucleic acid encoding p53. 

The special technical feature of Group VIII is considered to be a protein complex. 

The special technical feature of Group IX is considered to be a method of determining if a test compound modulates 
formation of a BRCAl/p53 complex. 

The special technical feature of Group X is considered to be a method for determining if a test compound modulates 
p53-independent BRCA1 -mediated transactivation of a p21 gene. 

The special technical feature of Group XI is considered to be a method for determining if a test compound modulates 
p53-independent BRCA-1 mediated transactivation of a p21 gene. 

The special technical feature of Group XII is considered to be a 

method for determining if a test compound modulates p53-indepcndcnl BRCA-1 mediated transactivation of a p21 gene. 

The special technical feature of Group XIII is considered to be a method for determining if a test compound modulates 
tumor suppression. 

The special technical feature of Group XIV is considered to be a method for diagnosis of predisposition for developing 
a tumor. 

The special technical feature of Group XV is considered to be a method for enhancing tumor suppression. 

The special technical feature of Group XVI is considered to be a method for increasing cell proliferation. 

Accordingly, Groups 1-XVI are not so linked by the same or a corresponding special technical feature as to form a 
single general inventive concept. 

The species listed above do not relate to a single inventive concept under PCT Rule 13.1 because, under PCT Rule 
13.2, the species lack the same or corresponding special technical features for the following reasons: 
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The species as claimed are materially distinct methods which differ at least in objectives, method steps, reagents and/or 
dosages and/or schedules used, response variables, and criteria for success. 
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